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Standardisation of unified design of locomotives 
of the German Railways, 
By Grorers HARCAYVI, 


Figs. 1 to 41, pp. 97 to 114, 


| — Historical development 


The problem of standardising rolling- 
stock has long engaged the attention of 
the principal railway administrations in 
Germany. As regards freight vehicles, 
the question has been solved completely. 
On its creation nearly 20 years ago, the 
German Wagon Association (D. W. VY. 
= Deutscher Wagen Verband) adopted 

certain types of wagons which were stan- 
dardised. Out of some 635.000 wagons 
owned by the Reichsbahn in 1924, nearly 
370 000 or about 58 % were as the re- 
sult of standardised type. On the other 
hand, the specifications for carriages not 


having been standardised, Prussia, Bava- 


ria, Saxony, Wurtemberg, Baden, Meck- 
Jenburg, and Oldenburg provided only 
for unification of overall dimensions 
(fig. 1) and of the technical conditions of 
construction. The interior arrangement 
and the details of construction varied 
with local customs and the traditions of 
A heterogeneous 


(4) Translated from the French. 
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Fig. 4. — Comparison of American and German 


loading gauges. 


and it was only in 1921 that there were 
placed in service the first standardised 
coaches, steel-built, two-axle, fourth-class 
carriages. In 1924 the German railways 


a“ 


96 | 
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possessed about 3 700 of these standardis- 
ed vehicles, or about 4.7 %, out of a total 
of 79000 carriages. This number, as 
well as that of the modified types and 
series, has since increased, many new 
coaches having been ordered for express 
(bogie stock), fast and stopping trains. 
* 
* * 

The question of standardising loco- 
motives offered much greater difficulty. 
Before the war there was considerable di- 
vergence between the viewpoints of the 
railway administrations in the German 
States. Differences between the gradient 
sections of the lines, and between traffic 
conditions in various districts, had their 
influence upon locomotive design, so that 
in pre-war days the standardisation of lo- 
comotives did not appear of much urgency. 
Also in Southern Germany there was a 
desire to maintain independence in the 
development of equipment. The former 
State system of Prussia-Hesse, operating 
about 13000 miles before the war, deve- 
loped a whole range of passenger (express 
and stopping), goods and tank locomo- 
tives, each series being the logical se- 
quence of an earlier one. The less im- 
portant systems did not pay such close 
attention to the question of standardisa- 
tion. 

The tendency towards centralisation in 
the railway field, recommended by Bis-° 


SERVICE. 
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| 
marck, after the war of 1870-1871, when | 
Prussia began to play a predominant part . 
in the Reich, has increased since the | 
defeat of the Empire in 1918. The « Im- | 
perialisation » of the former State rail- 

way systems by cession of the lines to the 
Reich, provided for by the Constitution 

of Weimar, and brought into force on 

{ April 1920, has led inevitably to an 
administrative concentration favouring 
organic reform and technical consolida- 
tion. The individualistic buttresses of 

the south have been swept away, and 

the administrative and technical outlooks 

have been brought into line with those 

of Berlin based on the Prussian system, 
which constitutes nearly half the entire 
network. The Prussian lines, owing to 

the easier country, were better built and 
more completely fitted with technical 
equipment, and consequently the forma- 

tion of a single railway system in Ger- 
many under the control of Prussia be- 
came an accomplished fact (fig. 2). 


* * 

The policy of reducing the number of 
types of locomotives, with a view to secur- 
ing the advantages of homogeneity, has 
been followed for a long time past by the 
German railways. The Prusso-Hessian 
system, the largest in Germany, for ex- 
ample, has had its recent locomotives 
built to the following broad series : 


Year of construction Number 7 
: ° 
of k SERIES locomotives 
first locomotive, built. 


4914, Vulcan. S40 cs 
1944, Schwartzkopf. Be 2 500 
1910, Schichau Get 2 300 
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1917, Henschel. Gyo 4 100 
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Fig. 2. — Map of the main lines of the German State Railway Company. 
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Fig. 3. — Growth of the locomotive stock of the Prusso-Hessian State Railways. 
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The above diagram (fig. 3) shews the 
annual numerical growth of the stock 
during the period 1902-1918. 

In 1920, when the Reich took over the 
railways, there were 210 different series 
of locomotives and the need for wnifica- 
tion was immediately apparent. The dif- 
ferent classes of German locomotives did 
not readily lend themselves to a quick 
standardisation. It was difficult, indeed, 
to unify the equipment rapidly, adopting 
existing engines as standards, because the 
latter, though often excellent in them- 
selves, had not. been designed with stan- 
dardised components. It was necessary, 
therefore, to create new series to meet the 
variable conditions of service on the dif- 
ferent lines. At the same time, work in 
the shops, recently put on an industrial 
and commercial basis, had to be reorga- 
nised in order that certain shops might 
specialise on the maintenance of parti- 
cular types of locomotives, thus reducing 
the stock of spares. 


A special Commission was appointed by 
the Minister of Transport to determine 
the new types of locomotives required for 
the German State Railways. This Com- 
mission, composed of competent Mechan- 
ical and Running Department Engineers 
came to the conclusion that complete new 
designs would have to be prepared using 


Prussia became more clearly marked. 
Everything built since 1920 has been but 
the development of the old types of Prus- 
so-Hessian locomotives. 


* 
* * 


The other railways also possessed pow- 
erful locomotives, though these were com- 
paratively few, owing to the smaller 
mileage of the lines. Table I gives inte- 
resting particulars of some of the pow- 
erful locomotives owned by the railways 
of Saxony (figs. 4 and 5), of Bavaria 
(figs. 6 and 7), of Wurtemberg (fig. 8), 
of Baden (figs. 9 and 10) and of Olden- 
burg (fig. 11), on the eve of their trans- 


fer to the Reich. 


standard parts throughout which would 


be completely interchangeable. 


We have already pointed out the pre- 
ponderant influence of Prussia in the ad- 
ministrative reorganisation of the State 
railways at the expense of the other Ger- 
man systems as a result of the extent and 
experience of the Prussian system, and 
particularly owing to its: stock being the 
largest. 


During the design of the new types of 
standard locomotives the supremacy of 


It will thus be seen that the railways of 
the South German States owned very 
powerful high-speed locomotives, such as 
the Pacific types of Bavaria (fig. 6), Ba- 
den (figs.9 and 10), Wurtemberg (fig. 8) 
and Saxony (fig. 4). These lines were 
also the first in Germany to introduce 
powerful types of locomotives : the Saxon 
Railways built the first Mikado (fig. 5) 
for express trains, the most powerful 
locomotive at that time, whilst the Wur- 
temberg lines had the first twelve-wheel 
coupled goods engine of the « Centipede » 
type (fig. 8) and the Bavarian lines the 
most powerful tank engine (fig. 7). 

From the point of view of construction 
and cleverness of design, as well as re- 
gards appearance, the locomotives of the 
above-mentioned lines were well ahead 
of the Prussian engines, which are very 
heavy and massive in general appearance. 


For comparison the same information 
(table IT) is given for the Prusso-Hessian 
locomotives (figs. 12 to 23) so as to bring 
out certain differences we are about to — 
analyse. T= 


bs 

s 
= 
3 
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Big. 7, — Powerful tank locomotive, Mallet type, for banking 
on heavy gradients on the Bavarian Railways. 


Fig. 8. — Powerful 12-coupled goods locomotive of the Wurtemberg Railways. 


Il. — Present tendencies. 


In the general working of railways the 
budget for rolling stock and locomotive 
running forms the greatest part of the 
general expenditure. Almost half this 
budget is absorbed by capital charges re- 
presenting the capital expended in build- 
ing new stock, both traction and rolling, 
and the cost of their maintenance. For 
this reason it is extremely important to 
reduce as far as possible the capital thus 
sunk, and to diminish those initial ex- 
penses which increase continually with 
the growth of traffic. 

The construction of locomotives de- 
pends on the same economic laws as that 
of other industrial products. The unit 
cost decreases as the number ordered in- 
creases, and further economies can be 


effected by designing components so that » 


they may be interchangeable on different 
types of machines. 

This is the object of the Scientific orga- 
nisation of labour in the field of technical 
standardisation, ~ et 

Soon after the German Office for In- 
dustrial Standardisation (N. D. I. = Nor- 
men-Ausschuss der Deutschen Industrie) 
was started, the locomotive builders 
agreed to form the Section for the 
General Standardisation ofe Locomotives 


(A.L.N. A.==Allgemeiner Locomotiv Nor- 
men-Ausschuss). The object the « Aina » 
has followed since its formation has been to 
study from the point of view of economy, 
by means of a close collaboration between 
the industry affected and the representa- 
tives of the State Railways, the designs of 
spare parts and establish the various stan- 
dardised series of parts (« Normalien »). 
The principles of interchangeability have 
been strictly observed : they formed the 
principal objects of the investigation. 

In order to carry the standardisation of 


_parts and machining methods further for- 


ward, a special section was formed soon 
after under the tittle « Elna » (Engerer- 
Lokomotiv-Normen Ausschuss), between 
the Mechanical Engineering Industry and 
the State Railways who closely collaborat- 
ed so as to collate the experience acquired 
in service with the technical requirements 
as to machining and erection. 

The mass production of locomotive 
parts is hardly possible unless the accu- 
racy of these parts is such that they 
can be assembled without. fitting so as to 
be fully interchangeable during repairs. 
This made it necessary to determine the 
minimum and maximum dimensions very 
closely : to define the gauges and toler- 
ances. 

The principal work the « Elna » had to 


of the Baden Railways. 


— Express Pacific locomotive’(type IV“) 
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Nig. 40. — Longitudinal section of the type IVP Pacifi 


c locomotive of the Baden Railways. 
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do was to examine and define the limit- 
ing tolerances required for erection 
« without fitting » and which are essen- 
tial for the subsequent: interchangeability 
of the parts. 

Two systems of standardisation are in 
use: the basis can be either the « pin » 
or the « hole ». The « Elna » decided 
upon the « hole ». 

The work of the « Elna » was so arrang- 
ed that the design of the different parts 
and the different processes were distri- 
buted to the works collaborating with it 
which specialised in one or other branch 
of production. 


8 


The parts so designed were considered 
by the other manufacturers or by the 
State Railways, and were then again dis- 
cussed first of all by the « Elna » and 
then by the « Alna». As regards future 
series of standard locomotives for the 
State Railways, the General Management 
of the State Railways has the final deci- 
sion. 

In order to restrict the number and 
kind, of the different components it was 
necessary to design them symmetrically 
wherever possible, thus allowing for 
either right or left-hand mounting, and 
also providing for interchangeability be- 


mf 


14. — New standard passenger Mikado locomotive for express trains 
ou the German Railways (non standard details). 
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Fig. 19. — Goods Mikado tank engine cf the Prussian Railways. 
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Fig. 25. — Four-cylinder standard Pacific locomotive of the State Railways. 


Fig. 26. — Two-cylinder standard Pacific locomotive of the State Railways. 
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tween different types of locomotives in 
the repair shops. 


In order to be able to undertake this im- 
mense task, a new organisation had to be 
created in order to investigate the prac- 
ticability of the proposed standardisation. 


A special office was opened at Messrs. 
Borzig’s Works at Tegel near Berlin and 
started its work under the title: Office 
for the Standardisation of locomotives 
for the German State Railways. 


All the principal locomotive builders 
took part in the organisation by lending 
specialist engineers, and staff qualified 
to contribute to the work, thereby en- 
abling it to profit by the experience. ac- 
quired by the builders in question. 


Based on the detail parts previously 
standardised by the « Alna » and the 
« Elna » (Lokomotiv-Normen-Blaetter ) 
the Standardisation Office proceeded to 
design new classes of locomotives in con- 
junction with the Drawing Office of the 
Central Railway Office of the German 
Railways (E. Z. A. = Eisenbahn-Zentral- 
Amt) and the Locomotive section of the 
Central Administration of the State Rail- 
ways. 

‘The preliminary investigations by the 
nianufacturers having been completed, in 


~ agrement with the State Railways, a num- 


ber of new standard classes was produc- 
ed. The Standardisation Office prepared 
the general arrangement diagrams to a 
scale of 1: 40; these diagrams after con- 
sideration by the Locomotive Section were 
approved by the General Management of 
the State Railways. 


In this way designs were prepared, and 
it is proposed to build the following 


15 


‘tive (fig. 33) 


classes of superheated locomotives for 
use on main lines : 


1. 4-6-2 type locomotive for express 
trains divided into two classes : 

— 4-cylinder compound (figs. 24 and 
DEN 

— 2-cylinder simple (fig. 26 

2-cylinder simple (fig. 26), 

in order to ascertain the most economical 
method of using superheated steam under 
service conditions; 


2. 2-8-2 type three-cylinder locomotive 
‘ig. 27) for stopping passenger trains; 


4-6-0 type two-cylinder locomotive 
g. 28) for stopping passenger trains; 


4. 2-10-0 type locomotive for 
trains divided into two classes : 


goods 


2-cylinder simple; 

3-cylinder simple (figs. 29 and 30); 
in order to compare in service these two 
methods of using the steam; 


w 


5. 2-8-0 type, two-cylinder locomotive 
(fig. 31) for goods trains; 


6. 2-6-0 type, two-cylinder locomotive 
(fig. 32) for goods trains; 

7. 4-6-4 type, two-cylinder tank locomo- 

for stopping passenger 
trains; 

8. 2-6-2 type, two-cylinder tank locomo- 
tive (fig. 34) for stopping passenger 
trains; 

9. 9-10-2 type, tank locomotive for 
goods trains divided as the 2-10-0 men- 
tioned: above into two classes : 

— two-cylinder simple, 

— three-cylinder simple (fig. 35), 
in order also to be able to compare these 
two methods of using the steam; 


10. 9-8-2 type, two-cylinder tank loco- 
motive (fig. 36) for goods trains. 


Fig. 29. — Three-cylinder standard Decapod goods locomotive of the State Railways. 


The design of these main line locomo- 
tives is based on a weight on rail of 20 t. 
(19.7 English tons) per axle (figs. 40 
and 41) fixed by the strength of the track 
and bridges. 

The following types of non-superheated 
locomotives have been désigned for shunt- 
ing : 

11. 0-10-0 type, tank locomotive (fig. 
37) for shunting in yards with solidly 
laid track; 

12. 0-8-0 type, tank locomotive (fig. 38) 


-for shunting in yards with less solidly 


laid track; 

13. 0-6-0 type, tank locomotive ( fig.59) 
for shunting in yards with lightly laid 
track. 


20 t. (19.7 English tons) has heen fixed 
as the weight on rail for the 0-10-0, and 
17.5 t. (17.2 English tons) for the 0-8-0 


‘and 0-6-0 types. 


For station service and lines with small 
traffic, locomotives with a loading of 15 t. 
(14.8 English tons) per axle are under 
investigation, the series being : 


14. 2-6-0 type locomotive for passenger 
and goods trains; 

15. 2-6-0 type tank locomotive for pas- 
senger trains; 

16. 2-8-2 type tank locomotive for goods 
trains. c 


All the main line locomotives are pro- 
vided with feed-water heaters. 

Having designed sixteen different types 
of standard locomotives, the standardisa- 
tion of their dimensions was taken in 
hand. 


As standard dimensions ot parts the 
following have been selected : 


— outside diameter of boiler : 
1900 mm. (74 3/4 inches) ; 
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Fig. 27. —- Three-cylinder standard Mikado passenger locomotive of the State Railways. 
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Fig. 31. — Consolidation standard goods locomotive of the State Railways. 
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Fig. 32. — Six-coupled standard goods locomotive of the State Railways. 
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Fig. 34. — Standard Prairie passenger tank locomotive of the State Railways. 
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Fig. 35. — Standard Santa-Fe type goods tank locomotive of the State Railways. 
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1800 mm. (70 7/8 inches) ; 


1700 mm. (66 15/16 inches) ; 
41500 mm. (59 inches). 


— inside diameter of cylinders (except 
compound) : 
650 mm. (25 5/8 inches) ; 
600 mm. (23 5/8 inches) ; 
570 mm. (22 7/16 inches). 
— piston stroke : 
660 mm. (26 inches) for mair 
line locomotives ; eas 
630 mm. (24 3/4 inches) for 
shunting engines. 
— diameter of driving wheels : 
2.000 m. (6 ft. 6 3/4 in.) for ea- 
press engines; 
1.750 m. (5 ft. 9 in.) for stopping 
passenger train engines; 
1400 m. (4 ft. 7 in.) for goods 
engines; 
1.250 m. (4 ft. 1 3/46 in.) for 
shunting engines, 
— diameter of carrying wheels : : 
0.850 m. (2 ft.9 1/2 in.) for bogie 
wheels; 


{250 am. £4. 11-3716 1n.) 2 for 
truck wheels. 


As regards the details of construction 
and equipment, all the locomotives using 
superheated steam will be fitted with su- 
perheaters consisting of four 30-38 mm. 
(1 3/16 and 1 4/2 inch) pipes in a 
125-133 mm. (4 15/16 and 5 1/4-inch) 
tube; when the length of the tubes ex- 
ceeds 5 m. (16 ft. 5 in.) the diameter of 
the large tubes will be 4135-143 mm. 
(5 5/16 and 5 5/8 inches). All the en- 
gines are mounted on bar frames. Be- 
cause of the length of the boiler on -the 
main-line engines, a leading bogie, or 
Bissel, is used in all cases, including 


| 
| 
§ 
| 


goods engines. The trailing bogies or 
bissels are the same as the leading ones 
on the tank engines for main line service. 
Experience shews that, even on goods en- 
gines, the carrying wheels help both the 
track and the driving wheels. 

The leading bogies of the 4-6-2, 4-6-0 
and 4-6-4 locomotives are the same, and 
so are the trailing bissels of the 4-6-2 and 
2-8-2 locomotives. All the leading and 
trailing bissels of the goods engines, with 
or without tenders, are interchangeable. 

In general it will be noticed that : 


1. the Belpaire firebox has been given 
up; 
2. bar-type main frames are adopted; 
3. the bissel is adopted for all goods 


engines. 


* 
* * 


We have endeavoured to give a chrono- 
logical table of the development of design 
of the locomotive stock of a great railway 
system at the present time endeavouring 
to lower the capital costs which, owing to 
the size of the system, are so great. 

We have sketched on general lines the 
whole of the technical tendencies at pres- 
ent dominating the question and have 
analysed the difficult problem of the 
standardisation and unification of loco- 
motives, a complex matter frequently hin- 
dered by the individualistic spirit. 

What is required to-day on the prin- 
cipal railway companies is the reduction 
in the number of classes of locomotives 
in service and the purchase of these en- 
gines in large numbers. 

This unification of the stock and the 
interchangeability of repair parts result 
in appreciably reducing the purchase 
price of the engines and lowering the 


eost of maintenance. 
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In this way savings are made : spares in the stores is reduced which 
4. In drawing office costs at the build- leads to a simpler control and to fewer 
ers’ works as the details are settled once Patterns. ee 

for all, and the number of drawings re- The time of repair is also shortened as 

quired is reduced to a minimum; ~-all parts can be kept ready in the stores. 
2. In the cost of placing the orders in As regards the Operating Department, : 

the works and in starting the work, as the [his homogeneity of the rolling stock 
number of tools, gauges, ete., is lessened, allotted to certain services results in 
and the manufacturing methods are &ormous advantages at the sheds and 

settled once for all. SOT ee : 
- It also satisfies the ideas of the pres- 
_ Finally, the workshops become specia- ent time in which simplification is con- 
_ lised in the maintenance of a small num- _ sidered to be the basis of up to date orga- | 
ber of types of engines; the stock of  nisation. . 
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Automatic block signalling organisation 
on the Netherland State Railways, (‘) 


By J. H. VERSTEGEN, 


ENGINEER, 


Figs. ] to 18, pp. 119 to 141. 


(From De Ingenieur.) 


The first installation of the automatic 
block system in Holland was completed 
on the 8 June 1926 on the Gouda-Oude- 
water section, and was tthe result of a 
voyage of investigation,in America made 
by the Chief Signalling Engineer of the 
Netherland Railways, Mr. A. van Driel 
van Wageningen, accompanied by the 
Engineers H. P. Maas Geesteranus and 
J. H. Verstegen. 

* 
* * 

The automatic block used on a wide 
scale for more than twenty-five years in 
the United States of North America has 
been developed there considerably and 
at the present time it is installed on more 
than 70 000 km. (43 500 miles), or more 
than a third of the railways in the United 
States using semaphore signals. In Eu- 
rope the automatic block has only com- 
menced to be used recently : in France; 


although the Midi tried it twenty-five ° 


years ago, it is only during recent years 
that it has been fitted on a large scale, 
as, for example, on the State Railways 
which have just placed orders with each 
of the three Companies specialising in 
the manufacture of this material, to 
equip 100 kilometers (62 miles) with the 
automatic block. In England its use is 


(1) Paper read at the Meeting of the Electro-Technical Section of the Roy 
at Utrecht the 13 October 1926, and published in the Dutch reyiew De Ingenieur of the 26 March 1927. 


becoming more frequent; in Germany it 
has not yet been used on main lines, The 
chief reasons for Europe lagging behind 
America in this direction are probably 
the same in the different countries of 
Western Europe. 

Owing to the very dense population 
and the system of level crossings with 
gate keepers, a level crossing was requir- 
ed at almost every block box which 
made it necessary to have staff right at 
the block box itself. In addition rates of 
wages are much lower in Europe than in 
America. The economies everyone has 
endeavoured to effect in all directions 
since the war have resulted in level 
crossings keepers being abolished at 
many places, so that introducing the 
automatic block would be to suppress 
the whole of the staff at such points. 


* 
* * 


The practical origin of the automatic 
block is to be found in the invention of 
the track circuit in 1870 by the Amer- 
ican, William Robinson (| 1921) the 
founder of the « Union Electric Signal 
Company ». 

In order to form a track circuit, a por- 
tion of the line is insulated from the 
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neighbouring parts by replacing the 
usual steel fish plates at the end of the 
insulated section by insulating fish 
plates. If now we connect to one side 
of the insulated section a source of cur- 
nent B and to the other a relay R (fig. 1) 
we shall have completed a track circuit. 
In addition to the useful current passing 
through the rails which should operate 


the relay, there is a certain loss of cur- - 


rent passing through many secondary 
paths from one rail to the other, such as 
the wooden sleepers and the ground. 
The resistance to losses of current, 
known as the insulation resistance of the 
track, largely depends upon the state of 


the track and atmospheric conditions : 


one of the first conditions for proper 
working is therefore to have at all times 
sufficient current to eperate the relay. 

When a train occupies the insulated 
section, the wheels and axles form a 
short circuit which releases the relay. 
The operation of the track circuit there- 
fore depends upon the difference of re- 
sistance of one rail in: relation to the 
other in the insulated track, according 
as this is or is not occupied by a train. 
The relay is energised when no train is 
in the section and inversely. 

As we have seen, preference has been 
given to the current being normally on 
the line and the relay energised when 
the track is unoccupied : so that if the 
apparatus gets out of order, an indica- 
tion of the danger is given. 

It should be added here incidentally 
that this arrangement has been used in 
Holland for very many years in different 
ways, and in conjunction with other ap- 
pariatus for protecting trains in the sta- 
tions. Of course, in this case the size of 
the installation is much smaller than in 
that of the automatic block. 

If now we cause a current to flow 
through the contacts of the relay ‘R 
(fig. 1) in the energised position (that is, 


for line unoccupied) which works a sig- 


nal with motor, and by which the signal 
arin is moved to the off position and held 


there, we shall have arranged for the 
signal to give line clear when the line 
is unoccupied and stop when the line is 
occupied, because in this latter case the 
current holding the arm in the off posi- 
tion is cut off and the arm falls by its 
own weight to the stop position. If we 
wish to apply the above to the automatic 
block, it is necessary to divide the whole 
of the section of the line into insulated 
lengths (blocks) and to place at the be- 
ginning of each block a signal giving 
automatically the situation in the block 
concerned. It is clear that the length of 
the insulated lines will become very 
great, and that furthermore, the insula- 
tion resistances of the lines become rela- 
tively small, which may have consider- 
able effect on the working of the relays. 
For this reason, if we wish to reduce 
the number of failures to a minimum, 
the installation and upkeep of the insu- 
lated tracks must be carried out with ithe 
greatest care, the relays must be very 
accurately made and sensitive, and the 
arrangement for operating the signal 
arms be of very special construction. 


* 
* * 


The block system briefly described 
above is called open line block, that is 
to say, that the signals automatically give 
line clear in the case of a section un- 
occupied by a train, and are, in conse- 
quence, normally off. 

Use is also made of the system of autlo- 
matic block with line closed, in which 
the setting of the signal to clear depends 
not only on there being no train in the 
section protected, but also on the pres- 
ence of a train-in the preceding section. 

In this system, the train itself puts the 
signal it has to pass to clear and restores 
it to danger after passing it. ; 

If the train movement is not extraor- 


-dinarily dense the automatic block with 


line closed has some advantages as, for 
example, saving of current, as the arms 
have not to be held normally at clear. 
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The. greatest advantage, however, con- 


sists in the fact that as a signal does not 
remain ordinarily any tength of time in 
the off position, the danger of an arm 
sticking in the off position as a result 
of frost is removed (a danger which 


exists with the line clear automatic 
block). It is for this reason that at first 


in America, the line closed system was 
largely used, and in France it was used 
exclusively. However, the electrical con- 
nections in the line closed system are 
very complicated : this led the Amer- 
icans to endeavour to reduce the disad- 
vantages of the line clear block system 
to the minimum, and to use at present 
this system almost entirely as thereby 
they have been able to simplify the con- 
nections. In this way, a modern Amer- 
ican continuous current signal move- 
ment, like those used on the Gouda-Oude- 
water line) only takes + 10 milliamperes 
at 8 to 10 volts to keep the arm of the 
automatic signal at the clear position, a 
very low consumption. 

In addition, the American specialists 
consider that the perfected construction 
of the operating gear, assembled as a unit 
with the arm and bolted to the signal 
post, definitely avoids the danger of the 
arm remaining in the off position, when 
the current holding it off has been 
cut off. 


They even go further in that they do 
not provide in their connections for 
the line clear automatic block, any safety 
device for ensuring that a signal which 
has protected a train before the preced- 
ing signal can be put at clear, a thing 
always done in Europe. Thus, for ex- 
ample, on the Berlin elevated and under- 
ground railway, when the line clear 
automatic block was installed, this con- 
trol was always applied. 

Certain American Railway Companies 
have not complete confidence in the sig- 
nal falling to danger, and for this reason 
introduce the above control, just as they 
fit the arm operating gear at the foot of 


the signal post with rodding carried up 
to the arm, as they consider the upkeep 
of the operating motor placed high up 
is more or less difficult to carry out. 

This drawback is, however, very slight 
when compared with the great advantage 
of having the gear placed high up beside 
the arm, with only a very short length 
of shafting exposed to the atmosphere. 
In addition, a ladder, with platform and 
hand-rail built against the signal post, 
makes it easy to get to the gear, and carry 
out any repairs. 

In France, preference is now begin- 
ning to be shewn for simplified connec- 
tions and consequently to the use of the 
open line automatic block, experience 
having shewn that most interruptions in 
working are attributable to the complic- 
ated connections. 

It should also be noted that there are 
automatic block systems which depend, 
not on track circuits, but upon rail con- 
tacts operated by the wheels. Such instal- 
lations are, however, not so safe as those 
with track circuits because they do not 
give a continuous control of a section of 
the line whether occupied or not bya 


train. 


* 
* * 


As we have just seen above, an open 
line automatic block consists essentially 
of an insulated section of line with, at 
one end, a relay whose contacts allow the 
passage of the current working the driy- 
ing gear of ithe signal protecting the sec- 


‘tion, whilst at the other-end is to be 


found the source of current which works 
the relay through the pails (fig. 2). 
From now on we will use the conven- 
tional signs of figure 2 to represent a 
closed or open electric circuit. The 
points a, b and c agree in both cases in 
indicating the contacts. The direction of 
circulation of the current cut by the 
small are of circle having its top at a 
is interrupted. Thus the two first small 
figures of figure 2 represent the current 


Fig. 4. — Principle of the track circuit. 


Fig. 2. — Diagram of the connections of an automatic block with continuous current. 


Length of the block = length of the line insulated. 
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Fig. 3. — Diagram of the connections of a line clear automatic block with 
continuous current track relays. 


Length of the block = three lengths of insulated lines. 
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Fig. 4. — Diagram of the connections of a line clear automatic block without 
- continuous current track relays. 


Length of the block = three lengths of insulated lines. 


Soe 


flowing by ab, the other two small fig- 
ures shewing the current passing by ac. 
This method of representing a closed or 
open electric circuit greatly adds to the 
simplicity and makes tthe electric ‘dia- 
grams much more easily read. 

(To increase the insulation resistance 
of the line, and to be more independent 
of stray currents, two lines of rails are 
insulated from the adjacent parts of the 
track by insulated fish plates.) 

In the diagram shewn in figure 2 we 
have taken the length of the insulated 
section of line to be equal to that of the 
block. Although frequently the insulat- 
ed length of line is as much as 1.5 km. 
(1 650 yards), it most often happens that 
the length of the block is superior to that 
of the insulated section. 

It is then necessary to subdivide the 
block into two or more sections, each 
insulated one from the other. The con- 
sequence is that setting the signal ‘to 
danger ought to be rendered dependent 
upon the energising of two or more re- 
lays spaced along the section of line 
under consideration. This is the actual 
case for Gouda-Oudewater where ithe 
blocks are about 3 km. (3300 yards) 
long, although at first as a trial 1000 m. 
(1100 yards) were taken as the maxi- 
mum length of the insulated section. 

The dependence of the position of the 
signal of different relays belonging to 
one block has been realised by maintain- 
ing through their respective contacts an 
energising current actuating a_ special 


relay known as a line relay placed near » 


the semaphore. The signal arm operating 
gear then depends upon the line relay 
L. R. (fig. 3). To complete the circuit, 
including the line relay, electric conduc- 
tors laid the full length of the section of 
the line have to be used : insulated elec- 
tric wire was used for this purpose to 
avoid any danger of the wires for the 
two directions coming into contact. It 
should be added that these reliable, 
though costly, connections have only 
been used as a trial, On the Berkum- 


Dedemsvaart section less expensive con- 
nections (fig. 4) have been used how- 
ever, the cutting off of the current from 
a track circuit depending upon the track 
relay of the following part of the same 
block, which means in the end that the 
relay near the signal has to indicate the 
position in the whole block. In this ar- 
rangement no wires run along the track, 
nor is there any line relay and this 
means a great saving. (Let us add that 
we must be careful when switching off 
the supply of current W, to provide 
across the contacts of the relays a short 
circuit by the track to prevent a relay 
being energised by a leaking current foc 
example.) 


* 
* * 


Before explaining why in the first test 
the arrangement using line relays was 
preferred, it is as well to give some ex- 
planation about the kind and strength 
of the currents used, as well as of the 
electrical resistances encountered. 

For the Gouda-Oudewater section it 
was first of all considered that alternat- 
ing current should be used both for the 
track circuit and to work the signals. 

The use of alternating current for the 
automatic block dates from the electri- 
fication of. railways when the rails had 
to be used as conductors for two kinds 
of current. When continuous current 
traction is used, the kind of alternating 
current utilised for the track circuiting 
does not matter. On ‘he other hand, 
when alternating current is used for 
traction purposes, an alternating current 
at higher frequency can be used for oper- 
ating alternating current relays. These 
relays, acting much like a steam locomo- 
tive regulator, give for a clearly defined 
frequency alone, sufficient movement to 
close the contacts. 

With alternating current the layout of 
the connections becomes complicated. 
When the two rails of a track are used 
as the return circuit it becomes neces- 


sary to provide a path for this return 
current through the insulated joints of 
the rails. This path, however, cannot 
let the track circuit alternating current 
pass, and this is assured by suitable 
groups of chokes. 

Alternating current for the automatic 
block having advantages over continuous 
current, has also been applied to steam 
lines. One of these advantages is that 
alternating current track circuits are less 
affected by earth currents. In installa- 
tions using alternating current, signals 
with arms worked by alternating current 
motors can be used. Daylight signals 
are of course also used giving tthe same 
indication by day as by night. These 
signals have no arms. The Balighes sig- 
nals have come into use more generally 
since the special electric lamps required 
by this system have been made available. 

These lamps work with low tension 
current (12 volts for example) and have 
a very powerful point of light placed at 
the focal centre of a lens. By using a 
special lamp complete with its lens for 
each colour the signal has to shew, it is 
possible to place all the moving parts 
required to change the signal indications 
clear of the lamp unit (as for example 
the relays). 

In addition, as we have already said, 
alternating current shews a very great 
advantage from the point of view of the 
track circuit. The insulation resistance 
of the track can become very low in cer- 
tain unfavourable conditions: for ex- 
ample, during long continued rains, melt- 
ing snow, poor ballast, defective drain- 
age of the track, etc., which may result 
in the track relay not being energised 
even when the line is unoccupied. (The 
signal would of course in this event go 
to danger). With the alternating cur- 
rent track circuit, however, two-phase 
relays can be used, such as the bi-phase 
motor relays, in which one of the phases 


is constantly fed by the line current (that 


is, a current independent of the state of 


hie track) whilst the other is inserted in 


the track circuit which is fed by the trac- 
tion current reduced to a tension of 1 
or 2 or up to 20 volts by static trans- 
formers. 

By making the first phase do the great- 
er part of the work, so that the second 
only takes a small amount of current, 
this type of relay can be made very sen- 
sitive, and is able to operate under more 
unfavourable conditions than the conti- 
nuous current relay which depends upon 
ithe track entirely. Consequently with 
alternating current, the length of an in- 
sulated section can be increased, dimin- 
ishing the number of relays and acces- 
sories required. 

Alternating current was not used, how- 
ever, in the Gouda-Oudewater section 
because of the high cost of providing the 
electric current, and also because the 
Post Office Authorities refused to sanc- 
tion the laying of insulated electric con- 
ductors under a tension of 220/380 volts 
alongside the telegraph lines. In Amer- 
ica, however, the Telegraph Companies 
allow conductors carrying up to 550 
volts to be so laid. The possibility of 
using daylight signals with portable bat- 
teries of accumulators, and of light- 
ing the signal by the train itself by 
means of special relays, was also con- 
sidered. The complication of the con- 
nections increasing the risk of derange- 
ment prevented this being done, espe- 
cially as in addition all the advantage of 
alternating circuit relays would have 
been lost. For this reason the use of 
continuous current with ordinary cells 
for the track line and signal arm move- 
ment circuits was preferred. (The alter- 
nating current system will, it is expected, 
be used with daylight signals, bi-phase 
motor relays, track transformers and 
groups of impedances | on the section be- 
tween La Haye and Voorschoten, when 
the Rotterdam-Amsterdam line is elec- 
trified) (fig. 5). 


* 
* ¥ 


In the Gouda-Oudewater section caustic 
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soda cells are used as the source of cur- 
rent, made up of a solution of Na OH in 
water with ithe positive pole in protoxyde 
of copper and the negative pole in zine. 
These cells are largely used in America 
as a result of the shortage of copper sul- 
phate, since the war. 


The chemical reactions are: 
2Na OH=Na,-+ (OH); 
Nae + H.O=2Na0H+ He; 
He+ CuO =Cu+H,0O; 
(OH): + Zn = Zn (OH)s; 
Zn (OH): + 2NaOH=Na Zn O24 2H. O. 


The cylindrical poles (protoxyde of 
copper inside the zinc) are suspended 
from the porcelain cover of the jar con- 
taining the Na OH solution, so that re- 
newal is easy. One of the great advant- 
ages of this cell, when used in the auto- 
matic block, is its small internal resist- 
ance: 0.045 ohm. 

To move a signal to the off position 
2.5 amperes at 8 tto 10 volts is taken, 
whilst holding the signal off only re- 
quires + 10 milliamperes at the same 
tension. When using these cells, one 
series per signal is sufficient as they can 
give as much as 20 amperes. 

The capacity is 500 ampere-hours and 
in commerce cells of as much as 1000 
ampere-hours can be found. The ten- 
sion at first is + 0.7 volt and at the end 
+ 0.6 volt. The condition of the cell 
can be seen from the outside by the state 
of corrosion of the zine which, after 
about three quarters of the capacity has 
been used, is attacked from the bottom 
upwards, in which direction the thick- 
ness of the zine also increases, 

For the signal iand the line currents 
sixteen cells are coupled up in series and 
placed in a concrete pit to protect them 
from frost, as the voltage fails in winter. 

For each track circuit two cells are 
coupled in parallel to increase their use- 
ful life; they are placed one above the 
other in a wood crate which is lowered 


into a metal tube buried in the ground, 
A small box holding the track relays with 
the different connections is carried by 
a support bolted to the top of the tube. 
Beside the crate with the relays other 
small boxes are provided in which are 
fitted the connections from the conduc- 
tors carried on the telegraph posts. The 
lightning conductors and the passages 
for the connections to ithe outside cables 
are also included therein. 

The current from the track batteries 
(for the track circuit therefore) is regu- 
lated by a small variable resistance 
(0.2-1.2 ohms) so that the current has a 
minimum intensity when a train occu- 
pies the track. 

For the different parts of the insulated 
lines (+ 900 m. [+ 984 yards]) of the 
Gouda-Oudewater section, the tension at 
the rails on the battery side varies from 
0.5 to 0.56 volt with a track current in- 
tensity of 185 to 220 milliamperes. On 
the relay side the tension is 0.46 to 0.52 
volt with 97 to 103 milliamperes. The 
above figures were taken in wet weather. 
The whole of the circuits were provi- 
sionally set so that the track relays receiv- 
ed about 100 milliamperes : the current 
intensity to give the maximum attrac- 
tion at the contacts of the relays being 
90 milliamperes. The intensity at the 
battery reached 500 milliamperes with 
the line occupied. One other advantage 
of the short circuit, from the point of 
view of safety, is that the tension at the 
rails near the battery falls considerably, 


' to 0.25 volt for example, because in this 


case much of the voltage is lost in the 
regulating resistance. If then, for one 
reason or another the short circuiting by 
the train is not as good as it might be, 
the risks of ithe relay not acting are re- 
duced by the small tension remaining. 
It also happens that the train running 
into the insulated section from the relay 
end, the short circuiting occurs close to 


_ the relay which can then be relied upon 


to release ithe contacts. To restore the 
relay to its primitive energised position, 


Tl4 
“a nidV 
220/380 V. 


Fig. 5. — Diagram of the connections of an open line automatic block without line relays using 
alternating current and daylight signals. 


(W = white light : clear. — R = red light : stop.) 
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} Fig. 6. — Insulated rail joint, type Weber N. P. 46. 
Scale: 1: 12. 


Explanation of Dutch terms: Hikenhouten vulstuk 460 X 180 < 45 mM. = Oak packing piece 460 « 180 X 45 mm. 
(18 1/8 X 71/8 X 13/4 inches). — Taaiijzeren spijker 8 mM 7) lang 150 mM (om het vulstuk op den dwl. te 
kunnen bevestigen voor de lasch wordt samengesteld) = Iron spike 8 mm. (5/16 inch) diameter and 150 mm. 
(5 5/16 inches) long (to fasten the packing piece to the wood sleeper before making the jolnt). 
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a current of an intensity double that re- 
quired to hold the relay in, the energised 
position is required. 


If the locomotive should run into the 
insulated section from the battery end, 
the short circuiting occurs at about 900 m. 
(984 yards) from the relay, which might 
result in the relay remaining in the ener- 
gised position when there was a train 
in the block. This could occur, for ex- 
ample, as a result of aidleak of current 
owing to badly insulated joints in the 
adjacent sections of the line. However 
quite independently of this reason, in 
the diagram of figure 2 in which the 
length of the insulated section is equal 
to that of the block, and in that of fig- 
ure 4 where no line current is used the 
relay has to be placed at the end the 
trains enter the block because the signal 
is placed at this point. 


To calculate from the above figures, 
the insulation resistance of tthe line, we 
can use the approximate formula 


E 
Riva = resistance of the track, 
2 (1 — t) 


in which 
EK = tension at the rails on the battery 
side, 
e = that on the relay side, 
I = intensity of the battery current, 
i = that of the relay current, 


all these quantities being taken for line 
umoccupied. 


Bare, ‘ 

; © is then the average tension at 
the rails supposed to cause the leaking 
current I — i. 


From this equation when several lines, 
of about 900 m. (984 yards) length are 
in service, we get an insulation resistance 
of 4to 6 ohms. Although these numbers 
were recorded in wet weather, the test 


ought to be repeated in winter to enable 
definite conclusions to be drawn. 

To obtain values such as the above for 
tension and current intensity, much care 
must be given to the insulation and the 
good conductibility of the line. 

First of all, there 
joints. 

Up to recently the Netherland Rail- 
ways used as insulated fish plates, fish 
plates in wood with a piece of fibre be- 
tween the ends of the rails. These fish 
plates give sufficient insulation, but me- 
chanically are not strong enough, and 
have to be replaced frequently. For this 
reason they are now being replaced by ithe 
Weber joint (fig. 6) in which the wood 
fish plate is reinforced by a strong rolled 
steel section insulated from the rails by 
sheet fibre, and by fibre bushes round 
the bolts. This joint is also used on the 
Gouda-Oudewater section and has given 
excellent results. 

Secondly, the rails must not come into 
contact with the ballast. Furthermore, 
the ballast mus: be well drained. (When 
the figures mentioned above were obtain- 
ed, the track had not been made good 
in regard to the above points, so that it 
is to be expected tthat better figures will 
be realised). 

For each of the connections of the re- 
lays and batteries to the rails, a vulcanis- 
ed armoured. cable with double wire (for 
safety) has been used. As the two wires 
are each separately attached to the rails 
there is appreciably greater safety. 

Several methods of attaching the cables 
io the rails have been tested. In the first 
method, the movement of the rails occur- 
ring during the passage of a train is 
taken up by the sheathing of the cable by 
fitting the cable and its sheathing with 
enough slack in a connecting bend fast- 
ened to the rail. From this bend two in- 
sulated bonds lead to copper wires fast- 
ened to the rail (fig. 7). Each copper 
wire is fastened to the rail at two _ 
points. 


are the insulated 
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In the second method, the rail move- 
ment is taken by connections going to 
the rails, this being done giving them a 
suitable shape, whilst the cables are 
fitted with their connections in a small 
special wooden box (fig. 8). In this 
latter method, two different ways have 
been used to secure the copper wires to 
the rails, one by conical wedges with 
grooves for the copper wire, and the 
other by bolt and nut. 

As regards the good conductibility of 
the rails themselves, it is not to be expect- 
ed that the ordinary fish plates in steel 
can be retained. These fish plates offer 
far too great resistance to the low ten- 
sion currents used. In consequence two 
copper wires have been provided at the 
joints connecting one rail to the other 
(fig. 9). 

So as to protect these bonds, the cop- 
per wires have been placed between the 
rail and the fish plates, and have been 
secured to the rails by means of conical 
wedges with grooves in which the ends 
of the wires are lodged. 


On the Gouda-Oudewater line about 
5 000 of these bonds had to be made, and 
10 000 holes had ito be drilled in the rails. 
This was done by means of special hand 
drills with which two copper bonds 
could be fitted to a joint in a few minutes. 
The work was done by contract and was 
completed in a month. 

From the figures given above, the resist- 
ance of the rails with joints using ordin- 
ary fish plates and fitted with copper 
bonds to the passage of the current is 
very smaill. 

This resistance can be calculated 
by means of the approximate formula 
2 (i — e) 
eee 
ence between the tension at the begin- 
ning and at the end of the insulated sec- 
tion, divided by the average current 
intensity. The total resistance of two 
lines of rail each about 900 m.(984 yards) 
long, varies from 0.08 to 0.25 ohm. 

The following table gives the charac- 
teristics of different lengths of track, 
as completed at the present time. 


, that is to say, from the differ- 


x a SET SSS SSS SS SSS SSS 


Current q Current Length ene Resistances 
Tension intensitty Teusion intensity SPV enc Tygulation Bi ihe xaie 
of the E of the of the of the s ingulated, resistance ae 
line battery, line battery, track relays, peer 8, a raneuies cee ae copnEs penis! 
in volts. ~ be “in volts. : ; in ohms. : 
vngae milliamperes. milliamperes, (nm yards). in ohms. 
Ne _.. = es ml | 
0.5-0.52 106-110 0.49-0.5 100-105 100 = (109) 70-109 0.09-0.3 
0.51 0.56 123-133 0,51-0.55 101-104 300 (828) 17-25 0.09 
0.47 0.54 146-190 0.45-0.52 97-103 + 700 (4 765) 6-10 / 0.08-0 3 
0.46 0.56 155-200 0.44-0.54 97-115 + 750 (+ 820) 5 19-8 1/9 0 08-0.3 
0.45-0.54 155-200 0.43-0.52 95-105 -+ 890 (4: 875) 5-5 0.08-0.36 
0.5-0.56 185-220 0.46-0 52 97-103 + 900 (+ 984) 4-6 0.08-0.25 


A provisional graphical representation 
of these figures is given in figure 10; 
curve A is the average insulation resist- 
ance of the insulated sections which falls 
away quickly at first but after 300 m. 
(328 yards) becomes much flatter. Curve 
B represents the current intensity given 


by the track batteries and is a straight 
line up to 700 to 800 m. (766 to 875 
vards). The curve C has been calculat- 
ed from»curve A by taking a current in- 
tensity of 100 milliamperes for all the 
relays and starting from the average rail 
resistance of the insulated section. The 
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Fig. 8. — Connection of electric wires to the rails. Arrangement using small wooden boxes. 
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the bond. The 9/32-inch holes are to be drilled in the rail starting from the 


outside. A special rail drill is used with oil as cutting fluid. The 
drilling is continued until the drill projects 20 mm. (13/16 inches) 
through the hole. Drilling is not to be done in wet weather, The 


drilled. The conical tinned plugs should be driven into the hole 
with the groove for the wire underneath. The wire and the plug 
Should stand out the same amount. The plug should be driven by 
hand hammer in the direction the hole was drilled. Each bond 
consists of two copper wires (B & S No. 6) except at level crossings 
and in stations between platforms, where there are four, two on 
each side of the rail. The holes are arranged as shewn in the figure, 


Outside ; 950 
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._ Fig. 9. — Details of the copper wire bonds at the ordinary fish plates. 


Haplanation of Dutch terms : Boorrichting = Direction of drilling. — Ontwikkelde lengte = Developed length, 


copper wire bond is to be put in place the same day the hole is ° 


Outside 
of 
the rail. 


resistance of the chain of relays has been 
taken as equal to 4 1/2 ohms. 

Generally speaking, the above figures 
increase or decrease in a logical manner, 
As we have already said, tthe definite 
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figures will not be available until later. 

With line occupied the current inten- 
sities of the batteries vary from + 450 
to + 700 milliamperes, usually reaching 
a value of + 0.5 ampere. 
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Fig. 10. — Graphical representation of the mean insulation resistance and of the 


current intensity to be supplied for different lengths of insulated track. 


; Eaplanation of Dwtch terms ; 
Is. weerst. sp. = Insulation resistance of the track. — Weerst. sp. + doorverb. = Resistance of the rails + bonds. 


A = Average resistance of the insulated lines, in ohms, deduced from electrical measurements. 


B= 
NOTES : 


C= 


measurements. 


Mean current intensity supplied by the batteries, in milliamperes, from electrical 


Theoretical current intensity, in milliamperes, supplied by the batteries, deduced from 


the curve A, supposing the track relays receive 100 milliamperes. 


The figures of the rail plus the copper 
‘bonds resistances have no absolute value 
as they depend entirely on the accuracy 
with which the measurements have been 
made, seeing that the difference between 
the measured tensions have been brought 
into account. Many readings of tensions 
for lengths of 100 m. and 300 m. (109 ‘and 
328 yards) of line give the same figure. 
These measurements are close enough for 


the purpose for which they were taken, 


as they indicate that we are dealing with 
very low resistances. As sooniasthe cop- 
per bonds get out of order, very different 
results: are found. By calculation, the 
resistance is found to be 0.15 ohm for a 
length of track of 1000 m. (1 094 yards) 
(that is to say, 2000 m. [2188 yards] of 
rails plus the copper bonds). 

The results of measurements for the 
calculation of the insulation resistance 
of the different tracks inspire much more 
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confidence, as here we take into account 
the mean tension and the difference in 
current intensity, which is generally 
high, especially for the long lengths of 
track which are far from the most impor- 
tant and most used. 

Care must also be taken so as to make 
sure that the resistance of the leads from 
the battery and relays to the track is 
low. This is one of the main advantages 
obtained by placing the batteries and 
relays close to the connections to ithe 
rails as compared with usual method 
with the ordinary block system of col- 
lecting the batteries and relays in a cen- 
tral place, such as a block cabin. 

The calculations given in the appendix 
shew the same result. 


* 
* * 


The track relays are continuous current 
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relays with double windings in series, 
the two windings having a resistance of 
4ohms. This type of relay is much used 
in America. A commercial relay of 
2 ohms, but using more current, can also 
be obtained. It is used principally for 
very long lengths of track and when the 
insulation of the track is very low. The 
results obtained so far with the 4-ohm 
relays have been very satisfactory. 

The contacts are enclosed in a small 
glazed box with all the terminals placed 
outside on the porcelain cover. 

In the energised position of the relays, 
the lower contacts, of silver, come in con- 
tact with the upper contacts, of gas car- 
bon, the ‘direction of the current through 
the contacts being silver-carbon in order 
to keep the contacts clean, and to have 
a constant and minimum electrical re- 
sistance. 

This resistance may amount to 0.18 ohm 
but cannot exceed 0.3 ohm in service, 
whilst the current intensities for a 4-ohm 
relay with four contacts reaches for the 
holding off current values of + 30 miili- 
amperes, and for the energising current 
+ 60 milliamperes, and the holding on 
current + 90 milliamperes. For this 
latter current intensity the contacts are 
pressed together with the maximum pres- 
sure, 48 gr. (1.69 ounces) per contact. 
The relay is built so that it can be placed 
either in a case or attached to any 


post, etc. 
* 
* * 


Let us now return to the comparison 
of the connections of figures 3 and 4, 
and explain why we preferred to equip 
the Gouda-Oudewater line in accordance 
with figure 3 rather than with figure 4, 
although in the latter case no line current 
was required. This is solely due to the 
fact that even small resistances have con- 
siderable influence in the circuits when 
the current intensities and tensions are 
low. 

The resistance of the contacts can 
play an important part, so much so that 


usually two relay contacts are put in pa- 
rallel to give increased safety. 

Now in the diagram of figure 4 con- 
trarily to what happens in figure 3, the 
track batteries supply current through 
the contacts of the track relays: in 
consequence, in figure 4, relay 2 will re- 
ceive rather Jess current than relay 1 
because the resistance of the contacts of 
the relays 1 is inserted in the circuit of the 
battery 2. If then, for example, through 
the track being wet, relay 2 no longer re- 
ceives the same current intensity when the 
contacts are drawn together, the inten- 
sity in the relay 3 will in consequence 
be still smaller, etc. Let us add to this 
the possibility of the contacts of the re- 
lays themselves getting out of order, and 
we shall have given the reason why it 
was thought better to make a first test on 
the lines of figure 3. None the less it is 
expected a test will be made on the Ber- 
kum-Dedemsvaart line with the system 
shewn by figure 4 owing to its economy. 
Rather shorter lengths of insulated track 
will be used, and tthis will diminish the 
risks of failure. If the test does not give 
satisfactory results, it will always be pos- 
sible to return to the system shewn in 
figure 3. 
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* 
* * 

With regard to the semaphore, we have 
already said that the operating gear of 
the signal arm (that is to say, the motor 
and transmission with accessories and 
the electro-magnet holding the signal in 
the clear position) was connected to 
the arm, and that the whole was bolted 
to the post. This construction has enorm- 
ous advantages when permanent way 
work is being done: the whole signal 
with its accessories can be fastened to 
any wooden or steel post. 

Figure 11 illustrates an automatic sig- 
nal in the clear position (the box for the 
relays is open). 

Figure 12 shews the signal at si60) 

The old house for the signalmen and 


for the crossing keeper will be noticed. 
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The motor is a continuous current se- 
ries motor, 8 to 10 volts, consuming 
2.5 amperes to set the signal to clear, The 
time required to move the signal] to clear 
is three to four seconds. At the end 
of the movement of the arm this latter 
closes a contact in the holding on elec- 
tro-magnet circuit. This magnet- has 
windings of low resistance (26 ohms) 
and of high resistance (1000 ohms). 
When the electro-magnet is energised, 
the low resistance windings and the mo- 
tor are coupled in parallel, whilst the 
high resistance winding is short circuit- 
ed. The motor and the electro-magnet 
then consume together 2.8 amperes. 
A ratchet device below the electro-magnet 


‘prevents the return movement of the 


shaft of the motor. Just after ithe hold- 
ing-on electro-magnet is energised, the 
motor and the low resistance winding of 
the electro-magnet (in parallel) are put 
in series with tthe thigh resistance wind- 
ing, and this reduces the current hold- 
ing the signal at clear to + 10 milliam- 
peres. 

When set to stop by cutting off the 
current,.the arm falls by its own weight, 
and takes with it the motor with the 
operating gear in place. At the end of 
the movement it closes a contact (held 
during the outwards movement by a 
ratchet device) which allows a current 
to flow through the motor and a resist- 


‘ance which causes the motor to run as 


a dynamo and act as a brake. 

All the operating gear is contained in 
a box hermetically closed by a door on 
the front. When this door is opened, all 
the moveable contacts mentioned above 
are exposed. A smaller door gives access 
to the motor with the gear holding the 
signal at clear; a side door gives access 
to the transmission gear. 

The signal post is a Mannesmann tube 
on a concrete foundation : the wires are 
taken inside the post and at the top leave 
through a flexible metallic tube and go 
to the operating gear. 

This operating gear, of American con- 


struction (being like the relays obtained 
from the General Railway Signal Com- 
pany of Rochester, N. Y.), is used in dif- 
ferent places with different kinds of cur- 
rent (of course using the special motor 
required by each). It can be used with 
8 to 110 volts continuous current or with 
alternating current of 55 to 110 volts 
(25 to 60 periods) for the automatic, 
semi-automatic, or non-automatic block, 
with the signal arm to the left or to the 
right of the signal post, or in the upper 
or lower quadrant. 

The light for the signal at night is 
assured by a paraffin lamp known as 
« longtime burning lamp » which burns 
day and night for 120 hours, without at- 
tention just as well with ordinary pa- 
raffin as with ithe special « longtime 
burning oil >. We are in negotiation for 
lamps with larger reservoirs because it 
would be very desirable if the lamps 
only required to be cleaned and filled 
once a week. 


* 
* * 


In accordance with the practice of the 
Netherland Railways the caution signal 
has been placed 500°m. (547 yards) be- 
fore the block signal. 

This caution signal gives two indica- 
tions ; 1. Pass at reduced speed (arm at 
45° downwards, green light at night); 
2. Pass, line clear (arm at 45° upwards, 
white light at night). These indications 
correspond respectively with the stop 
position of the block signal (horizontal 


-arm, red light at night) and with the 


pass position of the block signal (arm 
45° upwards, white light at night) res- 
pectively. 
Figures 13 and 14 indicate the two po- 
sitions of the caution signal. 
* 
oe Z 
To ensure the dependence of the cau- 
tion signal on ithe block signal, a special 
line relay is added to the caution signal, 
the current (supplied by the block signal 
battery) of which should pass by con- 


Fig. 114. — Automatic block signal in the Fig. 42. — Automatic block signal in the 
« clear » position. « stop » position. 


Fig. 143. — Automatic block caution Fig. 14. — Automatic block caution 
signal in the « Pass, line clear » position, signal repeating the block signal in the 
« stop » position by the indication : 
« Pass at reduced speed », 
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tacts controlled by the signal arm of the 
block signal. These contacts are closed 
when the block signal is at clear. The 
operating gear of the caution signal arm 
receives its current through the contact 
of the special line relay. This current is 
given by a special battery near the caution 
signal. The caution signal takes rather 
more current than the other (up to 2.8 
amperes) and requires seven to eight sec- 
onds to go to the clear position. (The an- 
gular deplacement to be made is double 
that of the block signal.) To fall back 
from the off position takes three to four 
seconds. 

In America generally the operating 
gear of the block signal used gives three 
positions : horizonta] arm indicating the 
stop, the arm at 45° upwards, the pass 
at reduced speed, and the arm vertically 
upwards, line clear. (These are known 
as < upper quadrant » indications as op- 
posed to the « lower quadrant » indica- 
tions with horizontal, 45° down, and ver- 
tically downwards, positions.) 

With this system the caution signal is 
really useless, provided of course, a 
signal gives the indication « pass at re- 
duced speed » when the following signal 
is at danger. It is also necessary that 
the distance between signals-should not 
be too great. With the three-position 
signal in the case of the automatic block 
an interesting method of erection, using 
polarised relays (without line current), 
to ensure. the dependence of the signals 
on each other can be adopted. 

A relay of this kind has a polarised 
armature with contacts in addition to 
the usual neutral armature with contacts. 
The track battery current passes through 
the pole changing contacts of the arm 
operating gear. When a signial is set to 
clear (and also when set to pass at reduc- 
ed speed) the direction of the current in 
the insulated track in front of this signal, 
is opposite to that of the current flowing 
when the signal is put to danger. The 
polarised armature of the track relay 


for this part of the track depends upon 
it. The contacts either drawn together 
or left apart allow the preceding signal 
to go to clear or to caution, if, of course, 
the part of the line concerned is unoccu- 
pied, this being controlled by the neutral 
armature of the track relay. 
* 
* % 

The line relays are similar in construc- 
tion to the track relays except that the 
resistance is 630 ohms and the consump- 
tion + 10 milliamperes : they are put in 
small relay cupboards carried on the sig- 
nal post. The line relays of the block 
signals receive current from the follow- 
ing block signal battery through the con- 
tacts of the track relays lying between 
the two signals affected. 

The conductor wires from the battery 
cellars are carried through the founda- 
tion of the signal post into the Mannes- 
mann tube, then pass into the cupboard 
in which the relays are fitted from which 
they are again carried up inside the tube 
to the operating. gear. 

* 
* % 

The Gouda-Oudewater section is divid- 
ed into four blocks. The first and last 
are special blocks in the sense that they 
have to allow trains to pass from the 
automatic block to the ordinary block 
and vice versa, and this in the Gouda.and 
Oudewater ‘stations. 

The subdivision into four blocks re- 
mains the same as with the ordinary 
block as there was no specia] reason for 
making a change. It should, however, be 
added that in a section with heavy 
traffic, it is of great advantage to be able 
readily to subdivide the line into a num- 
ber of block sections. The more blocks 
there are, the more signals there will be : 
but as it is necessary to insulate the 
whole track and fit it with electric cir- 
cuits, a block more or less has less effect 
on the total cost than in the case of the 
ordinary block. 
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The Gouda-Oudewater case, by making 
it possible with its four succeeding block 
sections to do away with the staff of 
three block posts, has been very profit- 
able for Holland. Most often, the dist- 
ance between two consecutive stations 
can itself be used as the length of block, 
or is such that one or two block posts at 
most can be established in it. 

A line wire has been used for each 
direction, insulated wire being used, 
whereas for the two directions an old 
bare block wire (existing telephone 
wire) has been used as common return 
wire. This last wire will be replaced by 
an insulated wire when renewing the 
wiring. For the circuits of the line re- 
lays of the caution signals, an insulated 
line has been laid between the block sig- 
nal and the caution signal, and for the 
return a common wire has been used. 
All connections are made with two wires. 

Another existing block line is used as 
telephone line with telephonic apparatus 
at Gouda, at Oudewater and near the 
three intermediate signals. By means of 
this installation the train staff can ask 
for instructions, as it should always do 
in foggy weather should the signal be 
found at danger. 

Immediately after the automatic block 
signals short lengths 300 m. (328 yards) 
of insulated track have been provided. 

In this way what is known as a signal 
overrun allowance has been provided. 

In Holland usually this overrun of the 
block signal is usually made equal to 


100 m. (109 yards), provided this signal — 


is preceded by a caution signal and a 
special indicator in case of fog. In 
America no such allowance is made at 
all: a stop signal is a point at which a 
train must definitely stop. It is there- 
fore placed just before the danger point, 
or rather 10 to 20 m. (11 to 22 yards) 
before it. In other words, the overrun- 
ning allowance is none the less 10 to 
20 m., and the block preceding a signal 
stops 10 to 20 m. behind the signal ad- 
mitting into the following block. This 


distance serves solely to prevent the sig- 
nal which is at clear, for example, from 


falling to stop in the face of the driver. 


when the first wheel of the locomotive 
enters the section. 

According to the practice in Holland, 
a distance of at least 100 m. (109 yards) 
has to be provided. It happens, however, 
that this distance does not belong to the 
block protected by the signal just before 
it, but to the block protected by the pre- 
ceding one. It is therefore possible that 
a short train (locomotive, uncoupled 
wagons, etc.) should find itself in the 
allowed overrun, and that the signal at 
the beginning of this part of the track 
might give line clear. Although the pre- 
ceding signal would be at danger (the 
short train above always in reality being 
in its block section) the situation de- 
scribed above could not be admitted as 
it was essential that a train after having 
stopped at an automatic signal at danger 
should be able to pass it by proceeding 
at caution (shewn by the letter V = voor- 
zichtig = caution, on the relay armature, 
fig. 12). The problem was solved by in- 
sulating the length of the track constitut- 
ing the allowed overrunning distance 
(extended here for safety to 300 m. 
[328 yards]), and making the signal 


which is placed just before it dependent 
-upon its non-occupation, just like the 


preceding signal which commands the 
entry into the block of which the overrun 
really forms part. 

In the case of figure 4 without line cir- 
cuit, the presence of an overrun makes 
the use of a small line circuit necessary. 
The length of this auxiliary line circuit 
should equal that of the allowed signal 
overrun. In effect, the supply of cur- 
rent for the relay of the insulated part 
of the overrun would depend, in the 
energised position, upon the other track 
relays of the block considered. In mak- 


ing the preceding signal dependent on 


this relay, this signal is made dependent 
at the same time on the whole of the sec- 
ond block, etc. For this neason the over- 


. 
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run relay ought to be made independent 
of the following relays. It is, however, 
necessary to control the position of the 
first following relay by the block signal. 
We get in this way a chain of line relays 
in which we find the contacts of the 
overrun relays and of the first track 
relay following which, in itself, depends 
on the state of the whole of the block to 
which it belongs. 

As we have already said, in America 
the falling of the signal arm to stop, as 
soon as a train enters into the block, is 
relied upon absolutely and all control is 
dispensed with. In the German connec- 
tions this control is always found by the 
fact that the shutting off the current for 
a signal after a train depends, not only 
on the train Jeaving the block, but also 
upon the following signal being put to 
stop. This method of working has 
the drawback that if, for example, a 
trolley in the block is taken off the line, 
the following block is not occupied, and 
the signal following in consequence is 
not at stop. It follows that the first 
signal can only go to clear when the fol- 
lowing train, after having needlessly 
stood in front of this signal, continues 
its journey into the second block. 

At Gouda-Oudewater the placing of a 
block signal to clear has been made to 
depend upon the following block signal 
falling to danger, by inserting in the line 
relay circuit of the first signal ia contact 
which closes when the following signal 
is at stop. In addition to this, in pa- 
rallel with this contact, is coupled an- 


other contact depending on the line relay 


of the following signal. When this sig- 
nal does not fall to stop, the first sig- 
nal can only go to clear when the relay 
is energised. This occurs when the train 
leaves the second block. The first sig- 
nal acts for the signal out of order and 
then protects two blocks. If now a trol- 
ley enters the block and is lifted off the 
line, the following line relay remains 
energised and the signal again returns to 
clear. Although with this system the 


drawbacks of the German method are 
Overcome, it is none the less true that the 
connections have become more complic- 
ated, and consequently the danger of get- 
ting out of order has increased. By mak- 
ing the blocks depend one upon the 
other, a failure in one of them is trans- 
mitted at once to the others. 


* 
* * 


The change from the automatic block 
to the ordinary block is carried out as 
follows. The automatic block ends with 
the length of insulated track acting as 
overrun of the signal preceding the sig- 
nal at tthe entrance to the station. In 
order that the relay of this part of the 
track may receive current, it is not only 
necessary that this part of the line be 
unoccupied, but also that the entrance 
signal be at danger, that is to say, that 
the train is protected in the station. As 
soon as the relay is energised it becomes 
independent of ‘the signal. 

The line relay of the last block near a 
station is, so to speak, divided into two 
relays, each having half the resistance. 
The first continues to fill the role of line 
relay, and ought then to close the circuit 
or cut off the current for the last auto- 
matic block signal before the station. 
The second acts as a warning relay for 
the station. As soon as a train enters 
the block, the relay lifts and a bell con- 
tinues to ring at the signal box until the 
train leaves the block and the signal has 
been set to stop. 

The passage from tthe ordinary to the 
automatic block is made with the assist- 
ance of an electro-magnet for putting the 
signal to danger, which when energised 
couples the operating gear and the signal 
arm together. This electro-magnet can 
only receive current under certain con- 
ditions, such as for example, when the 
line relay of the automatic block is ener- 
gised, that is to say, when this block is 
clear. (This relay seryes at the same 
time as a warning when a train has left 
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the block.). As soon as a train enters 
the block the signal falls to danger. As 
a matter of interest, a similar electro- 
magnet is also used to make the train 
itself cause a mechanically operated sig- 
nal to fall to stop. (In this way a semi- 
automatic signal is’ provided), When 
this is done, the signal cannot again be 
set to clear until the signal lever has been 
restored to its original position. 

To put the signal to clear, it is then 
necessary for the electro-magnet to re- 
ceive further current and for the lever 
to be pulled once again. If the lever is 
handled without current going to the 
electro-magnet, the arm will not follow 
it and the signal will remain at stop. 

* 
* * 

As regards the different kinds of cable 
used, we have adopted : 

for the connections between the rails : 
copper wire 4 mm. (0.157 inch) diam- 
eter with tinned conical plugs driven by 
hammer into 9/32 inch holes; 

for the insulated wires carried on the 
telegraph poles used to carry the dine 
current for the block and warning sig- 
nals : copper wire known as « Hard- 
drawn double-braided weatherproof » of 
2.5 mm. diameter (0.098 inch) ; 

for the connections of the relay cup- 
boards to the operating gear of the 
arm : vulcanised insulated wire 2.5 mm. 
(0.098 inch) and 1.6 mm. (0.063 inch) 
in diameter; 

for the connections of the relay cup- 


board to the tubes holding the track bat-» 


teries : flexible insulated vulcanised wire 
2.5 mm. (0.098 inch) in diameter; 

for the connections in the relay cup- 
boards: flexible insulated vulcanised 
wire 1.3 mm. (0.051 inch) in diameter; 

for the connections of the relays and 
batteries to the rails : armoured vulcanis- 
ed twin wire cable; 

and for the connections, like those 
from the battery pits to the signals : 
flexihle vulcanised cable with seven 
wires. 


There are in service a total of thirty- 
two track batteries, each having two cells 
in parallel, and fourteen signal batteries, 
each with sixteen cells in series, two of 
these batteries being at Gouda and Oude- 
water for ‘the line relays, electro-magnets 
for setting to stop, etc. On an aver- 
age a service of two-thirds of a year is 
expected from the track batteries before 
renewing the combined poles and the 
liquid : from the block signal batteries 
a year is expected, and from those of 
the caution signals, two years. 


* 
* * 


In order to draw attention to the great 
importance of a defect in the copper 
wires forming an electric joint conduc- 
tor at ‘the ordinary fish plates, a fault 
that occurred during the trial period of 
the automatic block on the Gouda-Oude- 
water line may be described. 

It will be understood that before put- 
ting the automatic block definitely into 
service, it was tested in use during two 
months. It was during this period that 
all the electrical measurements of which 
we have spoken were made. 

In order to conceal the signal arms 
from the drivers, a wood frame was plac- 
ed in front of them. The back of the 
arm alone was visible when they looked 
back after passing the signal. (They did 
this always in order to see if the ‘signal 
had fallen to danger.) 

During this period a curious fault 
occurred which was only localised after 
much search. It was due to the copper 
wire bonding an ordinary fish plate 
joint having become broken at a level 


crossing by the road traffic. These wires - 


were most of the time sufficiently in 
contact to pass the current required to 
work the apparatus. Sometimes how- 
ever owing to the movement of vehicles 
using the crossing, they separated and a 
failure occurred. 

At the time the defect was discovered 
the wires were actually in contact, and 
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the extraordinary thing was that when 
they were separated the track relay 
affected remained in the energised posi- 
tion and no failure occurred : that is to 
say, sufficient current remained to oper- 
ate this relay. After imitating the pas- 
sage of a train by artificially short cir- 
cuiting the rails, the relay released the 
contacts, but when subsequently, the 
short circuiting connection was broken, 
the relay did not operate again. The 
failure had been reconstructed. 

The tension between the rails was, 
with the copper wires in perfect contact, 
the same before the joint as beyond it, 


and was 0.5 volt. When the wires were 
separated it was 0.5 volt in front of and 
0.25 volt beyond the joint. 

The above shews that all the details of 
the automatic block must be thoroughly 
well maintained and inspected. The use 
of connections with double wire has 
therefore not been an unnecessary pre- 
caution. 

To prevent the electric wires breaking 
at the rail joints at level crossings, the 
12 m. (40 ft. 5 1/2 in.) rails have been 
replaced by rail 18 m. (59 ft. 5/8 in.) 
long wherever it was considered de- 
sirable. 


APPENDIX. 


Notes upon the relation existing between the insulation resistance 
of an insulated track, the resistance of the electric conductors leading to it, 
and the electromotive force of the battery used. 


The connections of an insulated rail or 
of an insulated track are shewn diagram- 
matically in figure 15. 


—— 
=— 


Fig. 45. 
Let: 
a, be the resistance of the ground, 
R, be the resistance of the track relay, 


1, and 7, be the resistance of the elec- 
tric wires, 


r, be the insulation resistance of the 
track, 

E, be the voltage of the battery, 

w,be the internal resistance of the. 
battery, 

J) be the intensity of the current sup- 
plied by the battery when the line 
is unoccupied. 


Ty divides into two parts: 1. igo passing 
by the relay: 2. that passing by the insu- 
lated track. The whole of the leakage cur- 
rents through the earth occurring all along 
the track is supposed to be collected in an 
electric circuit of a resistance of r+ a. 
No account will be taken of the potential 
difference between the ends of the rails, 
in other words, the resistance of the rails 
plus the connections to the joints will be 
ignored. In the case of tracks, even of 
great length, with copper electric bonding 
wires carefully fitted, this approximation 
is amply sufficient. 
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If the resistance of the two branches is represented by 6, we have : 


: : ] 1 ] 
Lb mee are in which = pn fe Rh 
whence 
E 
Tg i is ie ee tt 1 
EERE)” W 
Ac re ae el 


Furthermore we have Ipb = ig, (R + 2) which gives when developed : 


po ele et) 


eae = gia hans eee ee (2) 
Combining (1) and (2) we get : 
{w+ W(R+ 4) ] | 
Ee = ne See ee Be TS ; 
seaports hela aig ye (3) _ 
If in any particular case we wish tofind — Let irgz indicate the intensity of the F 


by equation (3) the electromotive force of current in the branch of the relay in the 
the battery, E and w will be the unknowns, case of track occupied. In ei instance r 


whilst the other values are either known _ is practically nil. TOR 
or can be determined experimentaly. Equation (3) then becomes : 
I : > > 
oe Tee ene BS ee eee 
Taking : 
: 7 ne fe? 
n, the number of cells of the battery Then E = ne and w = a 


coupled in series, | 


. ig ie Ws It should be noted that for any parti- — 
m, the number of cells of the battery cular kind of cell, m depends solely on the — 

coupled in parallel, s _ intensity of current to Mig by: the 3 
—e, the. electromotive force of a ‘cell, pen: ae 


: Taking furthermore l Fy et 
a siete pie internal resistance of a cell. tion (3) becomes : inh : ‘equa- 


ig = ae 
Prey ae. ry as 
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notably when lincreases, whilst the nume- 
rator increases : when r diminishes, the 
denominator diminishes more than the 
numerator. The values of the other terms 
of equation (5) depend entirely on the relay 
and the sort of battery used : they may 
consequently be taken as constant. 

In the case of large values of / and of 
small values of r abnormal proportions 


may be obtained. 
, Pe 


The insulated track in question in Ams- 
terdam W. P. had a length of about 260 m. 
(284 yards). The value of r+ a in wet 
weather after several days continuous rain 


-was found to be 30hms. This figure is 


very low : the track was therefore in bad 
condition. The value of a was 0.5 ohm 
which gave r= 2.5 ohms; / was equal to 
8.3ohms. The resistance of the relay was 
6.5 ohms, whilst izo was 0.15 ampere. 

As it was here a question of the ordinary 
block, the battery had to supply current 
during short intervals cf time only : 
Leclanché cells were considered good en- 
ough on account of their moderate cost. 

Taking 


e= + 1.25 volts and uw, = 2 ohms. 


When the total current to be supplied 
by the battery in the case of line unoccu- 
pied is determined from equation (2) we 
get Ip = + 0.9 ampere. 

This very high value results in m = 4. 
The equation (5) then gives the value 
n = 12, so that n X m= 48 cells. 

Starting from these figures, and calcu- 
lating the intensity of current through the 


relays with line occupied, we get fxs 


= + 0.03 ampere which is low enough 
Esine that with this relay we can. use 
+ 0.075 ampere whilst Is. the total inten- 
sity in the case of line occupied can reach 
+ ] ampere. 

These results were very unexpected but 
agreed perfectly well with the actual 


amounts obtained. For this reason the 


ae iggnl? 4- (tamR + NiggWs) L - NigwsiR 
_——— err OYFO_OESC“‘(;‘SS . 


electric measurements continued to be 
made using dry cells for which m can 
equal I, and e = 1.5 volt with w, = 015 
ohm. 

Based upon these values we find n = 8 
(whilst iz; = 0.035 ampere, Ip = I ampere, 
and I; = 1.2 amperes). 

These figures also agreed with the 
actual results obtained. 


* 
% + 
The result of the above calculations was 
that a very powerful battery had to be 
used. As we have already said, the causes 
were the high value of / and the low value 
of r which gave a bad proportion between 


the resistance of the branch with the relay. 


and that of the insulated track. 

Of the 0.9 ampere given by the Le- 
clanché battery. 0.15 ampere only passed 
to the relay, the remainder leaking away 
through the track. 


* 
* ~ 
If the problem is considered more deeply, 
and for the sake of simplicity r -+ a is 
taken as = d, 
equation (5) can then be written : 


__ig,m }U(R +0 + (R +2) d} 
~ d(em — ipods) — txytds (R + d) 
As we have already seen, when J in- 


creases, n also increases, andifd=r-+a 
diminishes, mn increases, of course be it 


understood for a given battery and relay.. 


Let us lay down the condition that the 
battery cannot exceed a certain size ; equa- 
tion (5) will then represent the relation- 
ship between J and d for the most powerful 
battery that can be allowed. For any given 
value of d the largest permissible value 
of J can be got from it, and reciprocally 
for any given size of /, the smallest allow- 
able value of d can be deduced. 

If equation (5) be resolved in regard 


to d, we get: 


nee) 


nem — nig,W, — inymR — 2iggm 


ae | ay 
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lf we resolve it for 1 we shall get : 


14 ingmR + nip,wy, + Ziagr (nem — Nig,wWw, — ixmR) d — nig tvsR aor 7) 
Tyg, Igyim 
From equation (6) dmax, becomes 2 when 
nem — Nigw, — igygnR — 2ig,zml = 0 
or 
nem - ni,,tw, — tg,mR 
Imax. = pn ian ae eo ad 
2iz,m 
whereas for min, = 0, we shall get: 
Nip w,R 
dnin. = : Sears =" 
nem — Nip,W, — tp,mR 
or again 
7 Tp,W,R 
Amin. = é Js 
. izgmR 
em — tp,W, — 
n 


So that the limiting values of J and of d 
may be calculated the limiting. battery 
selected was composed of n & m = 12 Le- 
clanché cells 

Provisional estimates of the total resist- 
ances Wyin, and Wmax. through which the 


battery should supply current (checked 
subsequently by the actual figures ob- 
tained) resulted in the values of e used 
being those given in the following table, 
the other figures of the table being calcu- 
lated from them. 


m= | m= 2 


n= 12 nv = 6 


m= 3 m==A4 


re eee 


| 
ant aie : \ 2 12 +4 +4 n X m= 12. 
Canine For == 0), to obs). (ek 158 y" | fea. CAS) ale eee Ol aie 
| w, = 2 ohms. 
; A 40 21 13.5 9 R =6 5 ohms. 
bnax. (for dw), in ohms.} (e = 1.39) (e= 4 37) (e = 1.35) (e= 4.33) t 
Se a EAR ae tran 
Wrmin, O(for7==0),iu ohms.| 25.5 7 3.6 25 — 
I 0 a i 
.0= —— , in am- 
ee ane 0.63 ib 1.08 1.04 
peres . 
Wmax. 0(for do), inohms, 110 DD 386 26 
I min. 0 sa ee 2 
Pisa (ie a eae, SLA 0.15 20.15 0.15 
amperes . ; 


Se 


These calculations shew how much the 
reduction of the value of / increases the 


useful value of the cells, even when 
Leclanché cells are used. 


- ign diminishes, and reciprocally. 


The fact of placing the battery and the 
relay near the track allows the length of 
the insulated track to be considerably 
extended. 

When / — 0, the intensity of the current 
is, however, such that the three first 
columns of the table cannot be taken into 
consideration : it is only after m = 4 that 
the figures approach those applicable in 
practice. 
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Calculations and use in service both 
prove that Leclanché cells are not suitable 
for this purpose : for this reason small 
batteries of accumulators have been used 
for many years. 

Let us again for comparative purposes 
calculate the values of Amin, and Imax. 

Taking e = 1.8 volts, the internal re- 
sistance can be ignored so that w = 0. 
The equations (3) and (4) then become : 


E = ig | gE) oeeeeng eae 

rta j 

and oan i, (R + Ia) aT a Rk , 

a 

or again making : E=ne:4;=le=l et_d=r-ta: 
2 ne = ing} A 0 + 274 R | xs NOG pare a he oe (8) 
pre nen Sar eae BOTS -, (9) 
Developing (8), we get : To do this, let us put equation (9) into 

feol (R + 0) 52 the following form : ~ 
SS gamma ye aes ee P+ (R+2a)1—( _RJa=0. 


When J increases in this equation d also 
increases, and reciprocally. Whenl=0, 
no value can be got for dmin., aS the 
internal resistance of the battery is nil. 
To get dmin. we ought to start with equa- 
tion (9). WhenJincreases in this equation, 
When 
we now introduce irp max. = 0.075 ampere 
we can obtain the smallest allowable value 
of lL. 


Having found Imin. we can get dmin, from 
equation (10). 

Equation (10) gives also for dmax, the 
value of o when 


ne = ip, (21 + R) 


or WE, = ip, R 


Imax. = ee 
Ro 


By means of these different equations 
the table below has been caiculated : 


n=l]_n=2|n=3|)n=4|n=5 

i 4.7 Imax. 0 varies for m = 4.....5 
pememnacr aumar yh, ; pe oni : eee) fron 0 65....1.5 amperes, whilst 
12 Imax. 8 (that is to say, eee: 
i in 1.4 1.3 1.25 mum currentintensity the battery 
one oe eine as ae es ee | | —————— | hast supply with ae occupied) 
i 1 Sane Oh eres. 

a ae tben ehi oe 8.7 | 14.7 | 20.7 | 26.7 | varies from 1.2.....4.5 amp 

m , 9 . 


* 


a 
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The case already dealt with, Amster- 
dam W P. gave with a battery of accu- 
mulators for equation (8) n= +5, whilst 
the intensity of current with line occupied 
Iz = t+ 1 ampere. The result is much 
more satisfactory than with Leclanché 
cells : 

Instead of starting from Jin. to prevent 
igs becoming more than 0.075 ampere, a 
resistance is inserted in front of the 
battery (fig. 16). 

The equations (3) and (4) then become 
(i=0 etw=0) 


xR 
E = ne= ing(—> ++ 4 R| SS) 
inmR 
ate Pe tee 
\ a / 


When x diminishes, d also falls, whereas 
igp Increases, then x is a minimum when 


igs = 0.075 ampere. The following table 
gives the values of xmin, thus calculated 
with the corresponding values of din. 


n=Illhnu=2n—3 | 
min. (for 71=0 and RB nax.), a) Qk Imax. 0 varies in these cases 
in ohms . : 1.3 3.4 4.9 6.7 8.5 from 0.6 ... 0.95 ampere, whilst 
se SS Se Ee Imax. p= 1 ampere. 
dmin. (for #min.), in ohms Da Gejeeds 4 Oe pe29) ote 26 


The layout of the connections with a 
resistance x at the battery from the point 
of view of the supply of current from the 
battery is therefore better than that with 
a lmin., Whilst the values of dmin, remain 
about the same 


* 
% * 


When the value of / is less than that 
given for /min, in the last table but one, a 
resistance « must be introduced as other- 
wise izs becomes too great. 

If further / > 0, the last two cases com- 
bine. 

The equations (3) and (4) then become 
(w = 0): 


I 
sei Laas a (13) 


= ne = ig, 


and 
Beetins Camella a ee es (14) 
For values of / less than Jmin, we ean - 
deduce from equation (14) the minimum 
value of x to prevent igs becoming greater 
than 0.075 ampere, whereas with this 
Xmin. We can get from equation (13) the 
minimum value of d, for which ig, is still 
equal to 0.15 ampere. Attention should 
be called to the fact that in the tables 
given above it is always a question of 
theoretical limiting values, that is to say : 


1. to determine din, : © 


when: 10 or with lmin. 
or when: 2=0 with an xmin, 
or when: 1 < Imin. with a suitable min. 


ee ne ee ee rm [eee 
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2. to determine Imax. with d = o. 


All actual cases in practice are included 
within these limits. 


As an example of these calculations for 
an accumulator battery. we will select the 
very frequent case of the 30-volt battery 
used by the Netherland Railways in the 
ordinary block for insulated lines. 

The layout of the connections is that 
shewn in figure 17. These connections 
are the same as those of tbe automatic 
block except that the battery and the relay 
are placed in the corresponding block 
section hut, and there may therefore be 
large resistances J. In addition, the bat- 
tery and the non-insulated rail are earthed. 


This arrangement is safer than that of 
figure 16, as all the connections to the 
rails in the relay circuit are controlled. 
With scheme (fig. 17) the quantity a is 


- brought into the equation in quite a differ- 


ent Way. e 

The best that can be done is to include a 
in the value of /, by supposing that instead 
of the earth there is a return wire (which 
has the sole effect of increasing the value 
of ,) as is done in the automatic block and 
on the sections of electrified railways. 


The preceding equations then become 
applicable, provided we take d = r. 

By dving this, all the equations and 
valculations of ixs can no longer be used 
because with line occupied the train is 
supposed to make a complete short cir- 
cuit. 

It is, however, necessary to take into 
account a certain value of fgg and a. Itis 
sufficient if a is considered as the insula- 
tion resistance of the track when it is 
occupied. d when unoccupied, and r as the 
difference between d and a. If then we 
take for dy the resistance of the outward 
and return conductors, and for J, the 
resistance of the conductor in question 
-+ the resistance of the earth (or if not 
earthed the resistance of the outward and 
return conductors) the equations and eal- 
culations already given remain applicable. 

We will suppose that with the + 30-volt 
battery, the 6.5-olim relay is used, al- 
though in the case we are considering the 
18-ohm relay with a ig, of + 0.14 ampere 
is used in preference. 

This hypothesis will allow us the better 
to compare the various results obtained 
with one another. If we again suppose 
a= 0.5 ohm, we should get in the pre- 
ceding table [min = 11 ohms with n= 17. 

Let us now take, for example, l2 
= 10 ohms and provisionally allow with 
a view to calculating the minimum values 
that 4, = lg =1=10 ohms. This‘is the 
same as saying that the battery also 
possesses outward and return conductors, 
or that the relay wires are doubled, or 
again that the distance from the relay to 
the track is less than that of the track 
battery. 

A resistance x must then be inserted 
near the battery. 


The equation (14) gives : 


sets 1(R +/+ 2a) + Ra 
_ tee 15) 
nos RL Les ( 


"The equation (15) gives for txsmax, a value 
of Xmin, = 1.3 ohms. 


al 


ea Fy yes 


The equation (13) gives : 
tp, (+ xe): R + I) 
a= tg ol eels Roe 


Equation (16) gives for xmin, a value of 
nin su swonmes 


ad P (16) 


With these values we could still work 
with an insulation resistance of +1 ohm. 
The current intensity in the battery would 
then be given by equation (1) with w =0, 
4, =l+xandr+a=d;: 

E 


I, = ——— — =. eoa(lel) 
a(R l 
(i+ x) + igi 


d+k+41 


Whence I) = 2.5 amperes. 


In favourable cases in which insulation 
resistances greater than 1 ohm are found, 
a greater resistance x is introduced, and if 
we allow for d a value of say 5 ohms, 
equation (13) gives : 


a 1(R + 1+ 2d) + Rd 


aes Tre (18). 


R-+l+d 
whence 


x = 33o0hms (with d = 5 ohms). 


_ In reality it does not matter if 4; equals 
dg because if /; is smaller than lz it is only 
necessary tosubtract the difference from x, 
and if 4; is greater than lg, to add it tox 
to arriye at in the end the true value of x, 

Tf Ip is now calculated, we get I, = 0.66 
ampere, a value differing appreciably from 
that obtained for Ip relative to d pin. 


* 
* * 


The following remarks may be made on 
the numerical values selected It is un- 
usual to find conductor wires with a 
resistance exceeding 20 ohms. If the case 
should occur it would be desirable to 
double the wires of the relays so as to 
diminish the resistance, which would also 
be very well worth doing for smaller 
values of J. 


All the calculations made shew the great 
influence of the resistance of the conductor 
wires. The intensity of the current re- 
quired for the operation of the apparatus 
falls off considerably when I diminishes. 
The most favourable case from this point 
of view is that in which the relay is placed 
beside the track. 

When operating in this way : theoretic- 
ally 1 = 0: it is more accurate, however, to 
introduce into the calculation a small 
value for J, such as 1 = 0.5 ohm. The 
whole of the equation can then be used, on 
condition of subtracting from the value 
for x the resistance of the wires to the 
batteries (less 0.5 ohm) so as to find the 
true value of the resistance to be intro- 
duced (the battery being supposed to be 
placed near the track). 

The values d = 10 ohms and d = 5 ohms 
can then be considered as being the low 
limiting values for an insulated rail and 
for an insulated track respectively. 


* 
¥* * 


Let us now pass to the automatic block 
in which the relay and the buttery are 
placed near the track (fig. 181. The equa- 
tions established for the case of figure 17 
are applicable to the case of figure 18 
when /is taken = 0.5 ohm. 


The other values for the Gouda-Oude- 
water line are: 


ino = 0.) ampere (taken a little on the 


T= 20 ohms. and F = 30 volts. 


(unoccupied) (unoccupied) (occupied) 
d = 10 ohms. d =5 ohms. d=a=0.5 
= = | ohm. 
SiR inlobms), tro In | tre max.} 2in | Jp in |zgpin| win [9 in |7rpin] 2min,inohms| . din. 
amp, | in amp.}ohms.{ amp. | amp. | ohms. amp. | amp. | (for irs max.) ee ohms 
| ‘ — | (for amin.) 
ohms . 2S 2 See | L 0.15, | -- 0.075 29 0.54 | 0.014) 7.5+] 0.95 | 0.02 | or (negative) 3.5 
(0). 0S Ala pele + 0.14 {40.07 AT OSGi a OPOie a Ocor Wet ee 0.017} O* (negative) 5 
: : = - : 
ierican relay: 4ohms ..| 0.09 0.03 71 0.3 0.007; 33.5] 0.52 | 0.012 or 1.4 (4.66) 
. 2s 2 ry acy ny r A | 
jerican relay : 9.2 ohms . 0.063} 0.021] 94 0.25 | 0.004) 45 0.48 | 0.008 Saba 1.4 (1.6) 
rerican relay: 46ohms.. | 0.045! 0.045| 417 0.24 | 0.003) 57 0.37 | 0.006 ips TBE (6 (33) 
nerican relay: 55 ohms, . 0.027} 0.009) 102 Gol OnOO2| a 45 0.43 | 0.008 1.6 4476) 


7= 10 ohms and EH = 30 volts. 


(unoccupied) (unoccupied) (occupied) 
= wae Ss 0D 
d = 10 ohms. d =5 ohms. : 
7 | ohm. 
Relay (R in eat try In tee max.| @im | I) in )iggin} win |} Ip in | dps in “min. in ohms ee 
amp. | in amp.]ohms.| amp. } amp. | ohms.| amp. | amp. | (for irs max.) (for min.) 
| | ! 
5 TC eee + 0.15 |+ 0.075} 60 0.4 0201812 33. 4) 0266" |0202 ‘Eee de 
Meee ss ee Ss +0.44 |40.07 | 39 | 0.53 | 0.009) 18 | 0.93 | 0.019) 0* (negative) 1.6 
merican relay: 4ohms.. 0.09 0.03 | 123 0.216) 0.008} 74 0.34 | 0.013 24 = deen) 
nerican relay : 9.2 ohms . 0.063} 0.024) 147 0.182) 0.005} 85 | 0.84) 0.008 26 4.4 (4.65) 
= lS | <1, Tee 
merican relay: 16 ohms. . 0.045} 0.015) 168 | 0.4163} 0.004; 93 | 0.28 | 0.006 , 20.5 Aen O)ie 
nerican relay: 55 ohms. . 0.027} 0.009} 430 O-2-—t0.002) 65 | 0.88 | 0.003 15 1.4 (1.6) 


| = 
_ The values of # marked by a cross + are not high enough for it to be possible later on to subtract 1/21, = 10 ohms, 
vhen for example we actually get J, = + 1/27, (when the relays and batteries alone are earthed). 


j ~=0.5 ohm. 


and E = 80 volts. 


_— (unoccupied) (unoccupied) poe ade 
d = 10 ohms. d =5 ohms. patna ; 


5 ig, in. | ire max.| # in.| Ig in | irein| # in | Ip in | tee ae) Us acenarie ice 
‘Relay (R in ohms). amp. | in amp.|ohms.| amp. } amp. | ohms.} amp. | amp. (for 7zp max.) (for amin.) 
pee ae +0.45 [40.075] 113 | 0.25 | 0.018] 80 | 0.36 | 0.025 26 1.4 
Beg es [tots {40.07 | 68 | 0.4 | 0.012] 44 | 0.66. i 10 1.05 
ian relay 4 ohms... | 20.00 | 0.03 | 226 0.43. 0.013] 173_| 0.47 | 0.047 99 1.25 (1.9) 
erican relay: 9.2 ohms . 0.063} 0.024 237 2.00 58 0.80.0 69 +4.4 (4.7) 
can relay: 16 ohms. . | 0.045] 0.045] 244 | 0.12 | 0.004) 151) 0.195) 0.006 58 1.4 (1.6) 
erican relay: 55 ohms. . | 0.027} 0.009] 461 | 0.176] 0.002] 87 | 0.325) 0.003 29 1.4 (1.6) 


‘The values taken for ig, and ire max. in the case of the 6.5 and 18-obm relays do not give the same feeling of 


onfidence as for the other relays. 
It should be noted that for the num 
hole service which is 50 °/o greater than 


bers for dmin. in brackets in the American relays the current intensity for the 
that just required to energise the relay is taken into account. 


Sa etaaas 


high side for safety); R = 4 ohms; 

KE = 0.6 volt (1 caustic soda cell, the 

internal resistance of which is negligible). 
We can again use the equation (16) : 


in, (U-+ oc) (R + 0) 


i ; 
K — ig, (2l-++ x + R) 


In order to determine the minimum 
insulation resistance of the track we may 
put «= 0, whence 

0.10.5 X 4.5 
06-0 


= 2.25 ohms. 


Amin. 


From equation (17) when «= 0, we 
obtain 
E 
I) = —— R = 0.3 ampere. 
ss d ik + l) 
© d+tR41 


Calculating I, for absolute short circuit, 
we have 


Iz =— = 1.2 amperes. 


eel 
lies! 


' Let us calculate amax., that is to say, the 
maximum admissible value of the insula- 
tion resistance in the case of line occupied 
which, in other words, is the same as 
calculating the maximum allowable imper- 
fectness in short circuiting by the wheels 
and axles of the train. 

If we make igs max. = 0.03 ampere and 
x = 0, equation (16) then gives - 

innl (R + 1) : 
amax, == B= igs (Di R) = 0.15 ohm. 
- As we have already said, the short 
_circuit caused by a train is in reality such 
that little current passes through the 
relay. 

The insulated tracks at Gouda-Oude- 
water having under the most unfavourable 
cases lengths of 900 m. (984 yards) and an 
insulation resistance of 4 to 6 ohms in wet 
weather, it will be seen that there is a 
large margin in relation to the calculated 
minimum of 2.250hms. Furthermore, the 
intensity of current through the relay has 
the value of 0.1 ampere, which is also 
sufficient. 


It must be added, however, that before 
the values can be definitely accepted as 
correct, the tests must be repeated under 
the most unfavourable conditions possible. 

For the most unfavourable track of 
4 ohms we can then calculate the value 
of « by means of equation (18). 


dd 
oe \1(R4 1424) + Ra 
4 +4), 2) ohm 
Ru f-he 
whilst equation (17) gives Ip = 0.212 am- 


pere. 

Calculating Ig, with complete short cir- 
cuit we find I, = 0.84 ampere. 

If a resistance x« = 0.21 ohm ‘is intro- 
duced, we get amax. = 0.22 ohm. 

As a comparison, in America an in- 
efficient short circuit of 0.06 ohm is 
allowed so that the values used on the 
Gouda-Oudewater line are sufficiently 
safe, even taking into account the fact that 
the American rolling stock is heavier than 
that used in Holland. 

It must be noted in addition that as in 


‘the case of the automatic block on double 


line track the relay is placed at the 
beginning of the insulated track, it is 
short circuited very completely by the 
locomotive and a current of 2 x igs max, iS 
needed to restore the relay to the energised 
position. The practical consequence of 
this is that amax, becomes 0.67 ohm instead 
of 0.22 ohm. These results agreed in toto 


with those found at Gouda-Oudewater : 


the value calculated for x alone is a little 
small but this may be due to the value of / 
chosen being rather high. On the other 
hand, it is as well to keep/ as low as 
possible if we want to get results by 
regulating x. If for comparative purposes 
the same calculations are made for an 
American 2-ohm relay for which we also 
take ip, = 0.15 ampere and igs max, = 0.044 
ampere, we get for «= 0, dmin, = 1.25 ohm, 
asmaller value than for a 4-ohm relay. 
The 2-ohm relay is therefore used for 
very feeble insulation resistances. _ 


For ipgsmax, and « = 0, we get amax, 


= 0.12 ohm, a smaller value than for a 
4-ohm relay; Io = 0.45 ampere (with 
x = 0) a higher value than with the 4-ohm 
relay; Is =1.2 amperes with a complete 
short circuit. 

’For the most unfavourable condition of 
the track at Gouda-Oudewater of 4 ohms, 
with a 2ohm relay, we should get x 
= 0.42 ohm and I) = 0.248 ampere, that 
is a value higher than with the 4-ohm 
relay. With a complete short circuit we 
would have I, = 0.65 ampere and amax: 
= 0.225 ohm. 


Seeing that I, is greater for the 2-ohm 
relay than for the 4-ohm relay and that 
this is the intensity of current used in 
service, the 4-ohm relay ought to be used 
for track with an insulation resistance of 
+ ohms. 

The 9.2-ohm and ]6-ohm relays are not 
considered in the present case because a 
tension of 0.6 volt is not enough to operate 
them, and because even with two cells in 
series a little higher intensity of current 
is necessary than for the 4-ohm relay with 
one cell. : 
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Swiss railway electrification results, ©) 
By Rocsr T. SMITH, B.Sc., M. Inst. C. EB. 


Figs. l and 2, p. 147. 


(The Railway Gazette.) 


In delivering his inaugural address as 
President of the Institute of Transport in 
the theatre of the Institution of Electrical 
Engineers on 10 October 1927, Mr. Roger 
Smith, after referring to the growth of 
that Institution, took for his main subject 
the resulis of the past six years’ work- 
ing of the electrified portion of the Swiss 
Federal Railways. 

Some study of railways across the 
Atlantic had convinced him that, at least 
so far as main-line railways were con- 
cerned, American conditions were so en- 
tirely different from ours that their expe- 
rience was more interesting than useful. 
He had, therefore, chosen Switzerland be- 
cause we were a part of Europe, and 
European conditions were getting more 
similar every year. Moreover, Switzer- 
land had now electrified nearly half their 


lines, including those with the heaviest 

—and densest traffic. The Federal admi- 
nistration, with commendable frankness, 
published very full results of working, 
and what was lacking had been furnish- 
ed to Mr. Smith through the courtesy of 
the Chief Engineer. 

The original programme of 1918 con- 
templated that by the end of 1928 some 
620 miles of route should be electrified. 
In 1923 it was decided by the State to 
accelerate this rate of progress anda sum 
of £ 2 380000 was allotted to the Federal 
Railways for this purpose, in order to 
provide more .general employment: and 
more work for the Swiss manufacturers, 
The 620 miles were completed in 1926. 

With the exception of the short section 
leading to and through the Simplon tun- 
nel, which is still 3-phase, the whole of 


; 5 ; . 
(1) Abstract of the presidential address to the Institute of Transport (London) on 10 October 1927. 
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the electrified track of the Federal Rail- 
ways is supplied with single-phase cur- 
rent at 15000 volts 16 2/3 frequency. 
The power stations, with the exception 
of the little power station of Massaboden 
(which has been working since 1915 and 
supplies the Simplon section), generate 
single-phase electricity at 15000 volts 
and transmit it at 60000 volts. Excep- 
tion must be made of a transmission line 
140 miles long between Vernayaz power 
house and Rupperswill, south of, and 
close to, Brugg, for which the single- 
phase voltage is 185000. This voltage is 
stepped down to 60 000 for radial trans- 
mission from a sub-station near Berne 
and again from the sub-station at Rup- 
perswill. 

The Swiss engineers chose the single- 
phase-system as that most suitable for 
their country and its electrical manufac- 
turers in 1912, and the use of this system 
has been completely satisfactory from the 
railways’ point of view. 

The total cost of the work, apart from 
the subvention, which was regarded asa 
war expenditure, was £27 780 000. 

The hydro-electric powers stations are 
at Ritom, Amsteg, Barbarine and Ver- 
nayaz, together with two small existing 
stations, one supplying the Simplon, and 
three privately-owned stations for indus- 
trial suppl. 
trically interconnected. It is anticipated 
that, by the end of 1929, 400 million kilo- 
watt-hours, which can be provided by 
the four main stations, will be used fora 
traffic of 6 000 million gross ton-miles. 


Electric locomotives. 


With the exception of seven locomo- 
tives using three-phase current for the 
Simplon Tunnel, 275 electric locomo- 
tives, all uSing single-phase electric 
-current, worked the traffic on the elec- 
trified lines of the Federal Railways at 
the end of 1926. In addition, there 
were 25 electric motor coaches, for 
multiple unit trains. The remaining 


All these stations are elec- - 


traffic was hauled by 732 steam locomo- 
tives, 

The average density of the traffic in 
Switzerland can roughly be compared 
with that in this country by the number 
of locomotives per mile of route. On the 
Federal Railways the total number of 
locomotives, steam and electric (inclu- 
sive of electric motor-cars), per mile of 
route of normal gauge running line, was 
0.57 at the end of 1926:— That is to say, 
there were 57 locomotives of all sorts per 
100 route-miles of running line. 

In Great Britain the total number of 
locomotives, steam and electric (including 
electric motor-cars and steam rail motor- 
cars), per mile of route of normal gauge 
running line, was 1.3 at the end of 1926, 
that is to say, there were 130 locomotives 
of all sorts per 100 route-miles of running 
line, or, 2 1/4 times as many as on the 
Federal Railways lines. 

Of the Swiss electric Jocomotives, the 
greater number are nominally rated at 
2000 H.P. and designed to haul a pas- 
senger load of 470 tons up a gradient of 
1 in 100 at a normal speed of 40 miles per 
hour, exerting a drawbar pull of 22 000 db. 
the maximum permissible being 33 000 Ib. 
For hauling trains of 300 tons up gra- 
dients of 1 in 38 there is a type of electric 
locomotive normally rated at 2000 H. P., 
which can do this work at a speed of 
31 miles per hour up the gradient. 

Another type, rated at 2240-H.P., is 
used to haul similar passenger trains of 
300 tons up a gradient of 1 in 38 at 
31 miles per hour, It is also used to haul 
goods trains weighing 430 tons up the 


gradient of 1 in 38 at 22 miles per hour. 


and can exert the’ maximum permissible 
drawbar pull of 33000 Ib. This type is 
also used for the heaviest goods traffic 
hauling a train weighing 1400 tons up a 
grade of 1 in 100 at 22 miles per hour. 
On the Federal Railways the maximum 
speed at which any locomotive is design- 
ed to run is only 56 miles per hour, while 


the normal express speed is 44 miles per 


e 
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hour, and this must be taken into account 
in dealing later with the speed impro- 
vements achieved by electric traction in 
Switzerland as compared with speeds in 
this country. The fastest journey in 
Switzerland is from Geneva, at the 
extreme west of the lake of that name, 
to Rorschach, on Lake Constance, at the 
extreme east, the route passing through 
the industrial north of the country. The 
distance between these towns is 240 miles 
and the average speed, including stops, 
is 31 miles per hour. This is 19 % quicker 
fhan with the displaced steam traction, 
the journey having been formerly done 
at an average speed of rather less than 
24 1/2 miles per hour, including stops. 
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|. — Cost and amount of electricity for traction delivered from 

stations to contact wire. Trailing ton-miles hauled elec- 
cally. Average load hauled by steam and by electric loco- 
tives. 


Swiizerland is a .mountainous country 
and the consequent low average speed 
from the British point of view must be 
remembered. 

The accompanying diagrams show gra- 
phically some of the results of working : 
the Swiss railways during the past six 
years. Mr. Smith commented in detail 
upon these and other diagrams, illustrat- 
ing his address, and also compared the 
working of steam and electric locomo- 
tives, showing the superiority of the latter 
in starting pull and higher average speed. 
He then examined what the Federal Rail- 
ways have accomplished in regard to 
increase of average speed as well as of 
load. 
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Vig. 2. — Gross traffic hauled (excluding locomotives, including 
coaches and wagons). Receipts and expenditure less sales 
of electricity. Total and electrified route length of line. 


== Figs. 1 and 2. — Graphic statistics of electrification resulls, Swiss Federal Railways. 


Loads and speeds with electric traction 
pe on the Federal Railways. 


e First, as to increased load. On _ the 
line from Béle to Chiasso, the section 
Erstfeld-Goeschenen, immediately north 

— of the Gothard tunnel (beside which the 
power house of Amsteg is built), rises in 

_ part by remarkable spiral tunnels. The 
“maximum gradient is 1 in 37, and the 
standard trailing load for goods trains 
hauled by stearn locomotives is 325 tons, 
and for the similar section south of the 
Gothard tunnel (beside which the Ritom 


power station is built), with similar spiral 
tunnels the steam locomotive’ load is 
320 tons. The electric locomotive. load 
is 490 tons. In 1915 the maximum load 
in tons of coal which could be transported 
over the Gothard sections by steam was 
11200 tons daily, and the line. was then- 
at the limit of its capacity. This spring, 
with electric haulage, 21 800 tons were 
transported in a day. 

Then as to increased speed. For the 


-goods-train journey between Chiasso 
‘dhe Italian frontier) and Bale (the Ger- 


man frontier) through the Gothard 


ROUTE LENGTH IN MILES 


Seat 48 = 


tunnel, which is a distance of 200 miles, 
there is a saving in the net running 
time, f. e., not including stops at stations, 
of three hours, or 24 %, by the electric 
haulage of heavier trains. 

For the goods-train journey from 
Geneva to Berne, a distance of 100 miles, 
the saving in net running time by elec- 
tric haulage, with a maximum gradient 
of 1 in 06, is 19 %. -For the journey 
between Brigue, on the Swiss side of the 
Simplon Tunnel, and Vallorbe, on’ the 
French frontier, 120 miles, with a maxi- 
mum gradient of 1 in 50, the saving in 
net running time is 19 %. 

If for passenger service instead of net 
running time the actual time of the jour- 
ney is taken, from end to end, inclusive 
of stops, the saving in time for express 
passenger trains between Geneya and 
Berne, a distance of 107 miles, —is 
24 1/2 %, and 20% in the opposite 
direction. Between Berne and Zurich,a 
distance of 81 miles, itis 241/2%. The 
saving in the fastest Swiss journey from 
Geneva to Rorschach, a _ distance of 
240 miles, already referred to, is two 


hours all but 10 minutes, or 19 %. For 
the express international passenger 


trains from the Italian frontier at Chiasso 
to Lucerne, 140 miles, the saving is 
1h. 8 m., or 24 %. 

From these actual instances it appears 
that the Federal Railways have found it 
economical on their steep gradient 
mountain railways to increase the speed 
of their fast passenger trains by from 
20 to 24 %, and that for their goods 
trains they work them up to the speed 
limit with hand brakes of 28 miles per 
hour, which amounts also to an increase 
of from 20 to 24 %, 


Summary of gains from electrification 
on the Federal Railways. 


1. For an expenditure which will 
ultimately reach 27 3/4 million pounds 
on electrification they have, in associa- 
tion with a reduction in the number of 


employees and a heavy drop in the cost 
of locomotive coal, succeeded in paying 
their capital charges on the old and the 
new capital averaged over the last three 
years for practically the same traffic as 
in 1913. Earnings had not fully paid 
capital charges since 1913, and there are 
large arrears to make up. 

2. They have given an improved fast 
passenger service with their express 
trains, decreasing the time of journey by 
20 %. 

3. They have given a much-improved 
slow passenger service. 

4. They are already hauling much 
heavier goods trains than steam locomo- 
tives could or can haul, the average 
increase in trailing load being 47 % up 
to August 1927. They have increased 
the speed of these heavier goods trains to 
the maximum permissible without auto- 
matic brakes and have doubled the 
capacity of the Gothard line for carrying 
minerals. 

do. They have, in 1926, reduced the 
cost of locomotive maintenance per 
locomotive mile from an average of 
5.4 d. per locomotive-mile for steam to 
4.4 d. per locomotive-mile for electric 
service. 

6. They have not apparently yet taken 
full advantage of the intrinsic property 
of the electric locomotive to work 
24 hours per day if needed, and in gen- 
eral to be in service for 80 % of the year, 
whereas the steam locomotive can only 
be in service on the average for 40 % of 
the year. Under favourable conditions 
about half as many locomotives are 
needed to run a railway with electric 
haulage as are needed with steam 
haulage. This advantage may be secur- 
ed on the Federal Railways when the 


1000 miles are equipped. 


7. Under the special Swiss conditions 
of lines with many and very long tunnels 
there is no comparison between the in- 
creased comfort of passenger traffic with 
electric and steam haulage. 


Be TOs 


8. Electrification has not increased 
the cost of maintenance of the perma- 
nent way; has, together with the fall in 
the cost of locomotive coal and of wages, 
reduced the total cost of traction and of 
workshops and has enabled 34 % more 
traffic in ton-miles to be hauled by the 
whole railway equipment — steam and 
electric — in the last four years, includ- 
ing 1927, without any appreciable in- 
crease in the traffic cost of working the 
trains and the stations. 


Mr. Smith then proceeded to make an 
analysis of conditions on British rail- 
ways, reproducing two sets of curves 
from Prof. Dalby’s lectures before the 
Society of Arts, reported in The Railway 
Gazette for 13 May 1927. Referring to 
British conditions, he asked: Does 
electrification hold out any hope of help- 
ing to relieve the situation? Carefully 
worked-out estimates for main-line elec- 
trification schemes in this country over 
long lengths of route have shown. that 
the savings in working expenditure as 
compared with steam will pay o the 
cost of electrification from 5 % on fairly 
busy lines to as much as 12 % in lines 
fully worked with dense mineral and 
goods traffic throughout the 2-4 hours. 

The capital cost per route-mile of 
double track for suburban lines amount- 
ed to £25000 per mile of double track. 
For a route-mile of main line, the cor- 
responding items — track electrical 


equipment, sub-stations, electric cables, 
track circuiting and signalling, will cost 
double this amount, and to this sum has 
to be added the cost of alterations to 
existing way and works and signalling 
which will probably increase the cost to 
at least £60000 per mile of double track. 
Both amounts assume that electricity is 
bought at or near the sub-stations, but 
reasonable transmission is included. 
Both amounts also assume that, since 
from three-quarters to a half of the 
number of steam locomotives required to 
work a given service are required for 
corresponding electric haulage, all eiec- 
tric locomotives can be purchased from 
the locomotive renewal fund. 

The similar items to the above capital 
cost for the 1000 miles of route on the 
Swiss Railways will, by the end of next 
year, amount to some £12000 per mile 
of route, more than half their total 
expenditure being on power stations and 
electric locomotives. The two countries 
are, however, not really comparable, for 
the English equipment is for a density 
of traffic between two and three times 
as great as the Swiss traffic. The 
results of Swiss experience would, how- 
ever, he hoped, stimulate railway offi- 
cers to look at railway electrification not 
only from the point of view of saving 
working expenses but from the point of 
view of increasing the earning power of 
a certain investment in way and works 
through increasing average train speed. 
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Some 


notes on unexplained derailments, 


By P. SEDGFIELD, 


CHIEF MECHANICAL ENGINEER, CENTRAL URUGUAY RAILWAY, 


Figs. 1 to 8, pp. 154 tol 66. 


Investigation of the causes of derail- 
ment must always be a matter of con- 
siderable interest to railway engineers, 
because, given an adequate standard of 
track and rolling stock design and main- 
tenance, they should be an impossibility; 
therefore their occurrence is a direct 
indication that avoidable defects exist. 
The class of derailment now to be dealt 
with is that occurring on open track 
between stations in which no foreign 
obstruction played a part, and where 
the risks entailed by defective operation 
of points and crossings in and about 
stations are absent. Tracing the cause 
of such accidents is not always a simple 
undertaking, and the obscurity in which 
it may be shrouded frequently results in 
no satisfactory final explanation being 
forthcoming : hence the title selected for 
these notes. The reason is to be found in 
the cumulative and synchronising effect 


of different contributory factors, and. 


when it is remembered that the analysis 
thereof is often in the hands of depart- 
mental representatives whose instinctive 
first interest is to show that that part of 
the equipment for which they are respons- 
ible was in good order, it is hardly a 
matter for surprise that the reports reach- 
ing the management fail to assign any de- 
finite cause, or afford a reasoned theory 
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built up on an impartial consideration 
of all circumstances, as far as ascertain- 
able. 

In countries more developed than those 
in South America an investigation by 
some public authority normally provides 
the desired impartiality, but this in itself 
indicates a condition of affairs demand- 
ing a generally higher standard of rail- 
way efficiency, and therefore diminished 
chances of the class of accident in 
question. It is financially impossible to 
maintain the same standard of perfection 
on a railway carrying, say, one or two 
trains a day, as on another dealing with 
a dense and continuous traffic, notwith- 
standing the fact that the same measure 
of security can only be reached on the 
former by the adoption of standards si- 
milar to those obtaining on the Jatter. 
This is a problem for the management 
with which we as engineers are not con- 
cerned, except in so far that the inevit- 
able result provides risks of derailment, 
though the opportunities for study may 
not otherwise be available. Here it is 
pertinent to remark that the permanent 
way of a poor and Struggling railway 
offers the most tempting field for the 
exercise of economies, Ballast, sleepers, 
and rail: renewals always represent large 
items of expenditure, while the conse- 


having regard to the cases recorded and the percentages of each class to the whole stock. 


Classified statement of different types of vehicles, showing the relative sensibility to derailment of goods stock, 
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quences of delaying such works are not 
so immediately apparent as would be 
the case were a similar policy of post- 
poned maintenance applied to rolling- 
Relatively small defects in en- 
gines and vehicles may readily put them 
out of service altogether, while a good 
deal of deterioration in track mainten- 
ance must accumulate before it reaches 
a stage at which it becomes unfit to carry 
traffic. 

These remarks may be interpreted as 
leading up to the conclusion that track 
conditions are the controlling factor in 
derailments, and the author, in spite of 
his association with the mechanical de- 
partments and the partiality thereby 
implied, must confess to the opinion that 
this is so; but for various reasons roll- 
ing-stock contributes factors which haye 
a marked bearing on the issue, and an 
investigation of these will reveal condi- 
tions that merit careful consideration. 
Further to this, the wider the field of 
experience and observation derived from 
actual occurrences of the kind, the better 
the opportunity for arriving at reliable 
conclusiois as to what constitute ‘the 
determining influences. 

The following is a classified statement 
of vehicles figuring in derailments com- 
ing under the direct observation of the 
author and covering a period of 20 years. 

They have occurred chiefly on curves, 
with a preference for entry and exit 
thereto, but cases of derailment on per- 
fectly straight track occasionally take 
place, thus indicating that operating 
forces peculiar to curves are not an_ 
indispensable factor. 

The outstanding characteristic of 
most, if not all, such derailments is the 
mounting of the wheel flange, which 
after running some 3 or 4 m. (10 to 
13 feet) diagonally across the rail sur- 
face and leaving a mark of its track 
easily traceable, drops on the outside. 
On curves this invariably takes place 
on the outer rail. This evidence enables 
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the exact point of derailment to be loc- 
ated, and it should be looked for imme- 
diately. What happens subsequently is 
a matter of no moment, as far as our 
present purpose is concerned, but it 
merits reference because the spectacular 
effect of a disastrous smash-up compared 
with the apparent unimportance of, say, 
one axle dropping off the track which 
the driver happens to notice in time, 
stops, and enrails again in a few minu- 
tes, is so marked that it is very easy to 
overlook the fact that both occurrences 
are essentially of equal importance as to 
origin, and merit the same thorough 
investigation. Subsequent effects of de- 
railments depend almost wholly on the 
holding power of the draw gear. If it 
resists, the derailed vehicle (generally 
one axle) may run for miles, especially 


at night time, without attracting atten- - 


tion. If it fails the vehicle will get across 
the track, and form a nasty barricade on 
which the following portion of the train 
may pile up. 

This kind of derailment is due to one 
immediate cause and one only, viz., a 
temporary disturbance of load distribu- 
tion over the wheels of the vehicle re- 
sulting in the wheel which mounts the 
rail being relieved to a great extent of 
the load it should normally carry. This 
may seem a mere platitude, put in this 
form, but spontaneous recognition of the 
fact is quite another matter, and it is 
rarely used as the foundation stone on 


which to build up subsequent investiga-. 


tions and deductions. Obviously recog- 
nition of the fact directs the course of 
investigation in the right channel, for 
the problem awaiting solution is cir- 
cumscribed within the question, what 
caused the disturbance of load distribu- 
tion ? Here we are faced with a variety 
of causes and effects, and it is the con- 
tributory character of most of them 
which often renders it difficult to attrib- 
ute the accident to any particular one. 
On the other hand, the absence of some 


particular influence may very well have 
saved the occurrence, from which is to 
be deduced the supreme importance of 
eliminating in designs, wherever possible, 
any features likely to prejudice, directly 
or indirectly, the question of load dis- 
tribution. 


Before proceeding to consider various 
influences which may be contributory 
causes of defective load distribution, the 
author, for the sake of clearness, offers 
the following definition of what may 
constitue such, to wit : Each must pos- 
sess the inherent capacity, when suffici- 
ently magnified, to produce unaided the 
effect contemplated. Coming within 
this definition are the following : 


a) Track irregularities, 

b) Super-elevation developed on tang- 
ents. 

c) Oscillations and lurching. 


d) Actual faulty distribution of load 
carried. 

e) Defective springing and want of 
flexibility in rolling-stock. 


The omission from this list of « speed » 
may provoke comment, and it will there- 
fore be dealt with at once. Briefly, it is 
not included because it will not come 
within the definition quoted. Assuming 
track and rolling-stock to be in satis- 
factory condition, the author submits 
that derailments of the kind dealt with 
are a physical impossibility as a result 
of speed. The effect of speed is chiefly 
apparent on curves where the guiding 
tendency set up presses the wheel flanges 
against the outer rail, and a correspond- 
ing tendency to climb follows. This. is 
counteracted by the greater weight im- 
posed on the wheel at the same time by 
centrifugal force. With the centre of 
gravity of the vehicle located ata height 
above rail level not less than half the 
track gauge, the increase in weight 
thrown on the outer rail is equal to the 


so 
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increasing horizontal thrust, and remains 
so as the speed increases. Since in nor- 
mal types of rolling-stock the centre of 
gravity is always higher, it will be found 
by resolving the centrifugal force gener- 
ated into its horizontal and vertical com- 
ponents that the major effect is in favour 
of holding the wheel down. Every day 
experience demonstrates that trains run 
with safety at high speed on sharp 
curves, and that the vertical component 
of the centrifugal force suffices to coun- 
teract the outward thrust, and any climb- 
ing tendency due to angularity of the 
surfaces in contact between wheel flange 
and railhead, 


At excessively high speeds a condition 
is reached when the effect of centrifugal 
force will overbalance the weight of the 
vehicle and it will heel over, the wheel 
running on the outer rail pivoting on the 
latter until the position of the flange is 
so altered that it is no longer able to 
function as a guide. Such occurrences 
are exceedingly rare, and are not derail- 
ments within the strict meaning of the 


term. The fact that they are possible, 


however, substantiates the contention 
that speed, no matter how far magnified, 
is incapable of producing a true derail- 
ment, because it is an established fact 
that heeling over will occur first. The 
circumstance is nevertheless so little re- 


cognised that the question of speed is 


always given an unmerited prominence 
in cases of derailment. ; 

By way of illustrating the point, the 
extreme case may be taken of a driver 
failing to observe a precaution order in 
passing over a known defective piece of 
track, and a derailment ensues. The ex- 
cessive speed is immediately given as the 
cause of the accident, whereas reflection 
will show that in reality it was the de- 
fective condition of the track. Speed 


3 may thus be an associated factor, but 


never a contributory cause in derail- 
ments, 


Track irregularities. 


These may be defined as defects of 
alignment of rail surface in both hosi- 
zontal and vertical planes, but the latter 
are those chiefly responsible for distur- 
bance of load distribution. They origi- 
nate as a result of uneven support of the 
sieepers and dropped rail joints, and 
when associated with high centres of 
gravity and speed may set up oscilla- 
tions and fturchings which inevitably 
have a most marked effect in disturbing 
load distribution. Regarding rail joints, 
the author’s experience has been with 
track Jaid with parallel joints as dis- 
tinguished from staggered ones. The 
former represents English practice, and 
tends rather to produce pitching, while 
the staggered joint would promote roll- 
ing, and more directly affect load dis- 
tribution. The latter is common practice 
in the United States, and with well- 
sprung vehicles produces the sensation 
of smoother travelling, since the intensity 
of the blow is diminished, as well as the 
noise. However, as far as the present 
issue is concerned, the parallel joint is 
to be preferred. 


As mentioned previousiy, there is gen- 


erally little difficulty in locating the 
exact spot where the wheel flange climbs 
the rail, and any damage suffered by the 
track will be in advance of this point in 
the direction of running. This circum- 
stance is fortunate in so far that track 
defects causing, or contributing to, the 
derailment will remain unaffected, and 
may be fully investigated since their 
occurrence is antecedent to the critical 


spot. Apart from any immediately - 


obvious irregularities, the precaution 
should be taken of running some heavy 
vehicle slowly over the track for a short 
distance preceding the point of derail- 
ment, as this will reveal slack places 
under the sleepers if such exist. On 
curves such slack places may be equally 
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prejudicial whether occurring on the 
outer or inner rail. 


Super-elevation. 


The primary object of elevating the 
outer rail of a curve relatively to the 
inner one is to compensate ‘the. distur- 
bance of load conditions brought about 
by the action of centrifugal force. Since 
this force varies with every variation in 
speed, it is obvious that, whatever the 
super-elevation selected, it can only be 
right for one particular speed. This 
shortcoming is more noticeable on single 
lines of railway involving considerable 
curvature and grading, as in such cir- 
cumstances inevitable extremes of speed 
will be encountered on the same curve. 


Now, when dealing with speed as a 
factor in derailments it was. shown that, 
from the point of view of holding the 
wheel down against the climbing ten- 
dency due to curvature, the effect of cen- 
trifugal force was beneficial, from which 
it if apparent that if the super-elevation 
is excessive for any given speed this 
effect is not only nullified, but a definite 
load disturbance results whereby exces- 
sive weight is thrown on the inner rail 
where least needed. The author has felt 
justified in specific instances of derail- 
ments of vehicles with high centres of 
gravity at slow speed of indicating this 
effect as a possible contributory cause, 
and suggesting that at higher speeds the 
accident might not have occurred. 
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carried by the lower one. This state as 
at rest would involve a speed of 37.8 
miles per hour in order that the resuit- 
ing centrifugal force on the curve select- 
ed may compensate the initial load dis- 
turbance. 

Thus it is obvious that, at speeds less 
than those sufficient to establish a ba- 
lance, super-elevation is a direct cause 
of disturbance of load distribution, tend- 
ing to relieve the wheels running on the 
outer rail of their share of the total 
weight. At higher speeds centrifugal 
force becomes the disturbing factor in 
the opposite direction, but it may be 
noted that even in the case of such a 
vehicle as the loaded tank car, with its 
relatively high centre of gravity, it would 
require a speed of 88.55 miles per hour 
to effect heeling over on the curve des- 
eribed. Such a final result could be 
counteracted by increasing the super- 
elevation, but the outcome would be 
dangerous instability at low speeds, so 
that in practice the best compromise has 
to be selected to meet the extremes of 
speed likely to be encountered, and the 
greater the range of these the less satis- 
factory the compromise will be. 

It may here be noted that variations 
in the height of the centre of gravity do 
not materially affect the speed required 
to establish a balance of load, as will be 
noted by comparing the vehicle con- 
sidered with another of similar total 
weight with an assumed centre of grav- 
ity 4 feet above rail level given in the 
appendix. On the other hand, the speed 
required to overturn the latter is found 


_to be higher, viz., 109 miles per hour on 


the 18-chain curve. 

Thus it appears that super-elevation at 
the best can only be a compromise, and 
where extremes of speed prevail it is 
preferable that it should err on the low 
side, for at moderate speeds it directly 


- produces undesirable disturbance of load 


distribution, while there exists a wide 


margin of safety over and above any 


high speeds met with in practice to en- 
sure adequate stability against overturn- 
ing. 

It is still a common practice to develop 
super-eleyation on the tangents leading 
up to curves. The result is that a defi- 
nite disturbance of loading follows in the 
absence of any compensating centrifugal 
force, and the vehicle finally strikes the 
curve in a condition the reverse from 
that desirable, viz., with those wheels 
subject to a climbing tendency already 
relieved of a portion of the weight they 
should normally carry. This defect can 
be met by the use of transition or spiral 
curves when the gradual rise of the outer 
rail will bear a proper relationship to 
the curvature, and where this is not doue 
an avoidable contributory cause of de- 
railments is incurred. 

There is another point worth notice in 
connection with development of super- 
elevation, No matter how gradual, it 
sets up a tendency to transfer loads to 
diagonally opposite bearings, and _ is 
therefore a positive agent in producing 
defective load distribution. Its counter- 
part in a two-axle vehicle would be une- 


~~ qual spring cainber, or cross wind in the 


body structure. In practice, flexibility 
of springs and a sufficiently long run- 
-out combine to counteract the effect; but 
there is always the danger of local varia- 
tions in the rate of development provok- 
ing an undue disturbance of loading, so 
that in ease of derailment occurring in 
the vicinity of developed super-elevation 
‘ nossibilities of irregularities in the rate 
should be investigated, 
The author recently had to deal with 
a case of unexplained derailment of a 
two-axle box wagon in a siding. The 
incident was duly investigated by repre- 
sentatives of the Traffic, Locomotive, 
and Way & Works Departments, and in 
their joint report the cause was left un- 
explained because it was stated that no 
defect of any sort could be discovered 
in either the wagon, its method of load- 
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ing (which was very light), or the track. 
Incidentally, however, they at the same 
time unwittingly recorded the cause by 
mentioning that 4 inches of super-eleva- 
tion was developed in a length of some 
20 m. (22 yards). The rate was very ex- 
cessive, involving a difference of level of 
1/2 inch in the wheelbase of the wagon, 
which in consequence was travelling on 
three wheels instead of four. When this 
was subsequently pointed out, the author 
was met with the argument that, admit- 
ting the excessive rate of development of 
the super-elevation, other causes must 
have operated as well since numberless 
vehicles had passed the spot in safety. 

This line of reasoning is very common 
and worthless. It takes other forms — 
for instance, it is testimony to the satis- 
factory condition of the vehicle that 
having run some distance before derail- 
ment there can have been little wrong 
with it, or, again, there being a large 
number of vehicles in the train all of 
which, with the exception of that which 
derailed, passed the spot in safety (?), 
the Jatter must have been the culprit. 
Both arguments are equally fallacious, 
because they fail to take cognizance of 
the undoubted many narrow escapes 
from derailment. Ih other words, the 


factor of safety is dangerously reduced, . 


and immunity from disaster dependent 
on odd chances. The investigator should 
therefore carefully eschew this line of 
reasoning, however tempting it may 
appear. 


Oscillations and lurchings. 


The origin of these undesirable move- 
ments is track irregularities, but their 
amplitude depends upon speed and fac- 
tors in rolling-stock design such as width 
of the vehicles and height of centre of 
gravity, which will be dealt with further 
on, As far as the track is concerned 
their elimination is purely a question 
of maintenance, and without doubt they 
constitute one of the most potent con- 


tributory causes, and frequently the 
direct one. The author offers no further 
comments on this aspect of the subject, 
because the question is one of finance 
and not engineering. 


Faulty load distribution. 


In goods stock the Joad carried may 
constitute a weight greatly in excess of 
the vehicle itself, but whether this is 
the case or not, as when a partial load 
only is carried, its careful distribution 
is a matter that should always receive the 
closest attention, and it is here that the 
traffic department can co-operate in the 
avoidance of deraitments, or by negli- 
gence contribute very acutely towards 
them. The matter assumes greater im- 
portance where the character of the 
traffic involves relatively small con- 
signments for different stations loaded 
in the same vehicle, because as these are 
unloaded the original distribution of 
weight may be prejudiced unless a re- 
arrangement of the remaining load is 
effected before the vehicle proceeds on 
the nexi stage of its journey. Two-axle 


stock demands the greater attention on. 


this score because the overhang at the 
ends beyond the axles is relatively great- 
er than with bogie vehicles, so that con- 
centration of load behind the trailing 
axle may well relieve the leading one of 
weight to a dangerous extent. 

The latter circumstance, and the. pos- 
sibilities involved, determine the allow- 
able width of vehicle. This point will 


‘be dealt with more fully under the head 


of rolling-stock design, but many in- 
stances of its effect have come under the 
author’s observation in connection with 
wide bogie stock, Although these occur- 
ring for the most part in stations do not 
for this reason come within the scope 
of the class of derailment under review, 
they nevertheless vividly illustrate the 
effect of unequal load distribution. Such 
wagons with an overall width of 9 ft. 
10 in. on a 4 ft. 8 1/2 in.-gauge loaded 
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with sand stone, coal, etc., are very 
sensitive to derailment when, for con- 
venience, half the load may be discharg- 
ed from one side, and the wagon then 
be shunted to some other point to dis- 
charge the remainder. In such circum- 
stances, if curves are encountered, the 
possibility of derailment is imminent and 
very frequently occurs. 

Movable loads such as liquids and 
livestock may constitute an uncontrol- 
lable source of defective distribution, 
and consequently a greater restriction of 
width is desirable in stock specially 
provided for this class of freight. 

it will be gathered from the foregoing 
that distribution of load carried by a 
vehicle calls for investigation when 
derailment occurs, but in this connection 
it is an unfortunate circumstance that 
jolting or possible overturning resulting 
from the accident may be so disturbing 
a factor that the original condition of the 
load is not ascertainable. Nevertheless, 
the point should receive attention, and 
where the evidence of the vehicle itself 
is unreliable any obtainable information 
from traffic employees should not be 
overlooked. = 

The accompanying record shows that 
carriages, brake vans, and engines are 
least subject to derailment, and of these 
it may be noted that in no instance has 
a carriage derailed in the period of 20 
years covered. The reason for this is 
that the weight of these vehicles-is con- 
stant, or varies within much narrower 
limits than goods stock, thus enabling 
greater flexibility of springing, The 
extent 10 which -this flexibility can be 
carried is purely a question of constancy 
of load, and the author’s experience is 
that where this condition is secured 
even two-axle stock can be made prac- 
tically immune from derailment. During 
the period covered by the records quoted, 


and earlier, numbers of two-axle car-. 


riages carried on long and _ flexible 
laminated springs were in service with- 


out a derailment ever being recorded, 
while at present such vehicles, used only 
for service purposes, apparently enjoy 
complete immunity in spite of an overall 
width of 10 feet on standard gauge. In 
the same manner greater spring flexibil- 


ity in bogie carriage stock is an impor- 


tant factor in securing adaptability to 
track irregularities, though considered 
as a vehicle the bogie enjoys in itself a 
measure of adaptability due to the con- 
centration of load carried at a central 
point which normally secures an even 
and-econstant distribution. 

It is not proposed therefore to con- 
sider further the very few derailments 
recorded in the case of engines and 
carriages, since the purpose in view is 
served if it is realised that the immunity 
enjoyed is attributable to the causes re- 
ferred to. 

Turning to goods stock, it will be 
noticed that an attempt has been made 
to arrive at the relative sensibility to 
derailment of different classes of stock 
by multiplying the number of derail- 
ments by 100 and dividing the product 
by the percentage of any given class 
to the whole stock. The method, of 
course, assumes relative constancy in the 
numbers throughout the period dealt 
with and equivalent volume of running, 
but since variations will have occurred 
the result can only be considered ,an 
approximate indication. It nevertheless 
agrees fairly well with impressions ga- 
thered from experience. The types of 
vehicles figuring are illustrated in 
figure 3, which gives a cross-sectional 
view only, since the length of them does 
not appear to materially affect the issue. 

It will be seen at a glance that the 
wagons most subject to derailment are 
those of the box type, both two and four 
axles, and double-deck sheep wagons. 
The fact points to a high centre of grav- 
ity having a marked influence because 
the containing sides of a box wagon 
facilitate the piling up of relatively 


10-ton wagon loaded with stone, 


axles, 


2 


: _18-ton open wagon, 


4 axles. 


7-ton wagon loaded with wool, 


2 axles, 


7; 35-ton box ‘wagon, 


4 axles. 
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Box wagon, 
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Fig. 4. 
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heavy Joads to the roof. The corres- 
ponding position of the centre of gravity 
under such conditions is shown in 
figure 4, and compared with that of-a 
two-axle open wagon loaded respective-y 
with stone and wool. It will be noted 
that notwithstanding the apparently top- 
heavy appearance of the wagon loaded 
with wool, the common centre of grav- 
ity is not higher than in fully loaded box 
wagons, while the nature of the loads in 
the former ensures an even load distri- 
bution. 

In this connection, special mention is 
called for in the case of the four-axle 
wagons of high capacity which, it will 
be noted, are of exceptional width (9 ft. 
10 1/4 in.), as it is evident that this 
feature, combined with a possible high 
centre of gravity, has rendered them far 
more sensitive to derailment than any 
other class of stock represented. In 
practice this tendency had to be met by 
strictly limiting the height to which 
loads could be piled, and the type has 
not been perpetuated. 


Reference may also be made to the 
cold-storage wagons in which the load 
of chilled carcasses is suspended from 
the roof by hooks. The three derail- 
ments recorded were undoubtedly due 
to defects in the ttrack, but they directed 
attention to this particular method of 
loading and the effects it might produce 
by raising the centre of gravity. It is 
therefore as well to remember that the 
centre of gravity depends on location of 
_mass and not on the method of support, 
and in the case in point would only be 
affected by the extent to which the load is 
lifted above the floor, in practice a matter 
of perhaps 6 inches. Apart from this 
the vehicle would have no higher centre 
of gravity than any other box-type loaded 
from floor to roof. The real risk involv- 
ed in this method of loading is derived 
from possibilities of ithe carcasses swing- 
ing in response to oscillations of the ve- 
hicle, and the matter was closely inves- 
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tigated at the time. It was found, how- 
ever, that they were packed so tightly as 
to constitute an immovable mass in the 
wagon, this condition being retained on 
arrival at destination after a journey of 
350 miles. With this condition fulfilled, 
and the overall width of 9 feet as 
shown not exceeded, this type of vehicle 
should offer no special tendency to de- 
railment. 

It will be noted that, judged by the 
method adopted, the four-axle cattle 
wagon shows the greatest immunity from 
derailment, not only relatively but in 
actual number of cases recorded, and 
has, therefore, been taken as represent- 
ing unity. The author attributes this to 
the relatively low centre of gravity, and 
still narrower width, viz., 8 ft. 6 in., not- 
withstanding the possibilities of load 
fluctuation inseparable from the live 
character of the cargo. The type of bogie 
used is also free from obiections com- 
mon to that of the diamond frame pat- 
tern, which will now be considered. 

This type of bogie, as illustrated in 
figure 5, is probably more extensively 
used for goods stock all over the world 
than any other. The design shown in 
all essential particulars is a common one 
in South America, and the author be- 
lieves owes its origin to the pioneer days 
of North American railways. As in the 
case of locometiye frames, bar iron was 
used because it was more easily procur- 
able, and what was originally an adap- 
tation of design to suit available material 
has since been perpetuated as a matter 
of custom. It embodies the objection- | 
able feature of axle-boxes bolted rigidly 
to the side frames, and a want of fillexi- 
bility hindering ready response to track 
irregularities. If the bolster and springs 
are removed it will be seen that what 
remains is a more or less rigid spring 
bed fixed to the two side frames. Rela- 
tive movement of the latter in a vertical 
plane is, therefore, only possible by ac- 
tual torsion of the spring bed, hence with 
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axlie-boxes bolted into the frames a posi- 
tive opposition is set up. In the early 
days, when this spring bed was a plank 
of wood, the matter was perhaps not of 
much importance, but ‘to-day it generally 
consists of a heavy steel section, and the 
rigidity imparted is definite and lasting. 
This bogie thus exposed constitutes in 
itself a four-wheeled vehicle devoid of 
means for adaptation to irregularities of 
the surface passed over, and its counter- 
part could be had by discarding the 
springs of an ordinary two-axle wagon 
and bolting the axle-boxes rigidly to the 
horn stays. The bogie would have the 
advantage of a shorter wheelbase, thie de- 
fect in practice being one of degree. It 
is, of course, a fact that many thousands 
of vehicles so equipped run year in and 
out with more or less immunity from de- 
railment. This, nevertheless, loses its 
validity as an argument if it is borne in 
mind that the accidents under considera- 
tion are due to the synchronisation of 
contributory causes, and that the elimi- 
nation of one may render the effect of the 
remainder innocuous. An object lesson 
in this issue has come under the author’s 
observation in a model garden railway 
where the diamond framie bogie was re- 
produced in the form of two cast-iron 
side frames pivoted in the centre to the 
bolster. The pivot consisted of a screw, 
and it was only necessary to tighten 
these sufficiently to make the connection 
more or less rigid to produce derailments 
at will. The method is a very effective 
means of overcoming the objectionable 
inflexibility referred to, but in practice 
the carrying of heavy loads on a pivot 
would probably not prove sucessful, 


The foregoing considerations point to 
the desirability of discarding this design 
of bogie frame, and adopting in its place 
a substitute embodying the essential 
feature of ian axle-box guided between 
horn stays and directly spring-borne. 
Bar iron, if preferred, may still be used 
for the frame of the bogie, and is em- 


bodied in the design shown in figure 6, 
which is one recently adopted by the 
author. It includes a swing bolster, a 
feature of undoubted value in absorbing 
lateral shocks, and in the form shown 
adds little to the cost of the bogie. 

It seems strange that what appears to 
have been deemed an essential feature in 
the earliest type of railway rolling-stock, 
viz., free play for the axle-box as a means 
of meeting the track irregularities of 
pioneer railways, should to-day be so lar- 
gely ignored in the class of stock refer- 
red to. Track standards have doubtless 


“improved greatly, but not to an extent 


justifying rolling-stock designers assum- 
ing that adaptability to possible irregula- 
rities can be dispensed with. 

Reference has been made to the immu- 
nity from derailment which may be at- 
tained in two-axle passenger stock under 
conditions of constant loading. It is the 
opposite of this condition in goods stock 
which renders it difficult to attain the 
same measure of security. The ordinary 
two-axle wagon of 10 tons capacity will 
weigh from 5 to 6 tons, of which 1 1/2 
tons may represent the wheels and axles. 
The springs are therefore called upon to 
bear weights varying between 3 1/2 tons 
and 13 1/2 tons, under which conditions 
it appears impossible to attain desirable 
flexibility. 
demand tthe use of this type of wagon, 
immunity from derailment can only be 
secured by a high standard of track and 
stock maintenance, and the exercise of 
constant care in equal distribution of the 
load carried. The author would here 
refer to a method adopted by the Central 
Argentine Railway for overcoming the 
excessive spring rigidity of two-axle 
stock in the empty or partially loaded 
condition which is said to have given 
satisfactory results. This is shown in 
figure 7, and as will be seen, embodies 
the use of an auxiliary leaf spring invert- 
ed over the main spring. Its unloaded 
form is shown in full lines, but loaded it 
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is quite flat under the sole bar, the idea 
being that the increased measure of elas- 
ticity afforded would ensure a sufficient 
pressure being maintained on the axle- 
box under extreme conditions of track 
irregularities. 


Defects in rolling-stock. 


These, as contributing to faulty load 
distribution and consequent derailment, 
are not so easily investigated as those of 
the permanent way, because after the 
event it is often difficult to distinguish 
between defects which may have pre- 
existed and those resulting from the de- 
railment. Yn fact, almost any defect cap- 
able of contributing to a derailment may 
also be a result of it. The best course 
open for those responsible is to pay spe- 
cial attention to the following simple 
matters on the ground that prevention is 
better than cure. 


Two-axle stock. 


There should be constant observation 
that spring camber is equal and that 
axle-box brasses have not an excessive 
amount of side play. 


Four-axle stock. 


Bogie friction plates should not touch 
on both sides together, since such action 
tends to hinder freedom of swivelling on 
curves. Cross wind in the bodies of 
bogie stock, causing contact at the same 
time between diagonally opposite fric- 


tion plates of the bogies, is to be avoided. 


A perfectly level and permanently solid 
piece of track in the repair shops is 
essential to ensure this being effectively 
tested. 

This may not appear a very formidable 
list of possible defects in rolling-stock, 
but when it is remembered that the de- 
railments under review are invariably 
the result of disturbed load distribution, 
it will be seen that those responsible for 
rolling-stock maintenance can best con- 


tribute to immunity by seeing that vehi- 
cles stand plumb and square both empty 
and under conditions of uniform loading. 


Dimensional 
restrictions in rolling-stock design. 


The author is not aware that anything 
in ‘the shape of limitations in the overall 
dimensions of vehicles in relation to the 
gauge of track has ever been attempted 
in the interests of securing stability. 
Probably conditions affecting the issue 
are too variable to allow of any hard- 
and-fast recommendations being made. 
Nevertheless, the wide discrepancies to 
be met with in this relationship as be- 
tween practice on narrow and broad- 
gauge lines point to the conclusion that 
the former tolerate widths which are un- 
desirable, or the latter fail to take full 
advantage of the possibilities offered by 
the gauge. The following are examples 
of the width of vehicles to be met with 
on the metre, standard, and Argentine 
broad-gauge (5-ft. 6-in.) lines : 


Ra io 
Overall of width to 

width, gauge. 
Metre (3 ft. 3 3/8 ins) Sit 10 nse 2:7 to A 
miandaped: ue kame 10 feet. 2.142 to4 
Broad gauge . . . . 40 ft. 6 in. 1.91 to 4 


The widths quoted correspond to pas- 
senger stock, and, as already seen, as far 
as the standard 4-ft. 8 1/2-in. gauge is 
concerned, experience has demonstrated 
that the width is one which can be adopt- 
ed without risk of derailment. 

This ratio, however, is much exceeded 
on the metre gauge, and the latter applied 
to the broad gauge would provide a ve- 
hicle with an overall width of 14 ft. 
10 in. It would prove interesting if those 
members associated with metre-gauge 
lines could afford any data tending to 
show how far such ratios can be adopted 
with immunity from derailment and 
comfort in travelling. 

The low centre of gravity, uniform 
load distribution, and flexibility of 
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springing all favour stability, but where 
indifferent track conditions and consi- 
derable curvature are met with a ten- 
dency to rolling will develop, which 
often becomes unpleasant for passengers. 
Again, the addition of a few extra inches 
of width in carriages is of no advantage 
unless they secure the minimum width 
required for an extra seat. The overall 
width quoted above for standard gauge 
allows sufficient interior width for two 
passengers on either side of an ample 
central passageway even in dining cars, 
but to seat another with equal comfort 
18 inches would have to be added. This 
could be done on the 5-ft. 6-in. gauge 
without exceeding the ratio quoted for 
the 4-ft. 8 1/2-in., but, asifar as the author 
is aware, the fact has not been taken ad- 
vantage of by Argentine railways. It 
may be noted that if 9 feet is tthe allow- 
able width of stock on English railways, 
the ratio to gauge is the same as that for 
the Argentine broad-gauge lines, and 
doubtless fixed structures constitute the 
limiting factor in both instances. It 
cannot be foreseen whether in the future 
the restriction will be so deplored here 
as it is to-day in England, but, in any 
case, it has compensations in the extra 
stability secured and comfort of travel 
enjoyed, and, considered in conjunction 
with other natural features, affords po- 
tentialities which only depend upon 
well-designed and maintained road beds 
to make railway travelling in the Argen- 
tine the fastest and most comfortable in 
the world. Sir Seymour B, Tritton, Pre- 
sident of our Institute, referred to the 
matter of loading gauges in his presiden- 
tial address, and from the data given it 


appears the broad-gauge Indian railways | 


(5-ft. 6-in.) are considering a limit of 
breadth of 12 feet, involving a ratio of 
1 to 2.18. : 

It would appear from the foregoing 
that the greatest width in relation to 
gauge is attained on the metre and other 
narrow-gauge railways, but it is not ap- 


parent that any circumstances exist ren- 
dering this possible without prejudice to 
stability, and the author concludes that 
the ratios quoted above for the standard 
gauge allow of overall widths beyond 
which it is not desirable to go. 4 

Turning to goods stock, the question 
becomes more complicated, and the res- 
trictions under consideration are in- 
fluenced by the varying position of the 
centre of gravity, unequal load distribu- 
tion, and want of flexibility in springing. 

Based upon the considerations embo- 
died in these notes and general experi- 
ence, the author recommends the follow- 
ing restrictions of overall body widths 
for goods stock of different types ex- 
pressed as ratios of the gauge : 


1.91 = 9 feet. 
1.96 = 9ft.3 in. 
4.80 = 68 ft. 6 in. 


Box wagons... . 
Open flat wagons . 
Livestock wagons . 


on standard 
gauge, 


The other important restriction would 
be the allowable height of the centre of 
gravity of the loaded vehicle. It is this, 
in conjunction with track irregularities, 
which promotes rolling and consequent 
disturbance of load distribution. More- 
over, where considerable curvature is 
met with thie impossibility of adjusting 
the super-elevation to the ever-variable 
conditions renders inevitable inequalities 
of load distribution, and such can only 
be met by keeping the centre of gravity 
within limits which it must be conceded 
could under more favourable conditions 
be exceeded with all reasonable safety. 
The author would place this limit at 
1.274 times the gauge — or, say, 6 feet 
above rail level on standard gauge. 

Instances where the imposition of 
such a limit would prove inconvenient 
are easily found, an example being the 
cold-storage wagons referred to earlier 
in these notes. The overall height of 
these is dictated by the length of the 
slung carcasses, and special thickness 
required in floor and roof for insulation 
purposes, bringing the overall height of 
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the vehicle up to 12 ft.91/2in. Loaded 
under these circumstances, the common 
centre of gravity is about 6 ft. 6 1/2 in. 
above rail level, but it may be noted the 
full load of meat does not repnesent the 
full-weight capacity of the wagon, falling 
short of this to the extent of 6 or 7 tons. 
Thus, could the wagon be loaded to its 
maximum carrying capacity with load 
occupying all the available capacity, the 
centre of gravity would be raised to 
6 ft.71/2in. These conditions can only 
be controlled by special instructions, and 
a relatively high standard of track main- 
tenance. 

Another instance worth noting is the 
oil tank wagon illustrated. This is essen- 
tially a narrow vehicle, but its centre 
of gravity when fully loaded is 6 ft. 
6 5/16 in. above rail level. The design 
is open to criticism on this score, be- 
cause with a little scheming the tank 
body could be lowered a few inches. 
However, to effect any material lowering 
of the centre of gravity, and retain the 
same capacity, the shape of tank would 
need modification, the cylindrical form 
being flattened to an oval section, or 
better still, substituted by one of rectan- 
gular form. The latter would probably 
involve increased constructional costs, but 
the alternative might be worth while in 
the interests of stability under running 
conditions. 

The author trusts that ithese somewhat 
rambling notes on a subject which must 


at times be a source of anxiety to every. 


railway engineer will be found to contain 
some indications as to the origin of the 
class of derailment dealt with which may 
serve to indicate the measures necessary 
to prevent their occurrence, From the me- 
chanical side, it seems doubtful whether 
when designing vehicles due regard is 
paid to considerations of stability under 


the conditions to be met in service. By 
keeping centres of gravity within Jimits, 
critical overturning speeds on curves 
would be higher, thus allowing a wider 
mangin of safety with super-elevations 
reduced to a point where objectionable 
disturbance of load distribution at rela- 
tively low speeds would otherwise occur. 

Restrictions of width of vehicles in re- 
lation to gauge merit consideration. 

The defects of the diamond frame 
bogie should be corrected, and the rigid 
attachment of axle-boxes to the frame be 
accepted as a cardinal error in design. 

The author would again lay stress on 
the value of a swing bolster in high-ca- 
pacity goods stock, especially where 
high speeds may be involved. The ab- 
sorption of dateral shocks by this means 
goes far to check the development of 
dangerous oscillations. It should be re- 
membered that where flexibility of 
springing is limited for reasons already 
dealt with, the shortcoming should be 
compensated as far as possible by adap- 
tability of the bogie itself to track irre- 
gularitics, 

Regarding the permanent Way, super- 
elevation should not be tolerated unless 
accompanied by a corresponding curva- 
ture; in other words, transition curves 
should be an indispensable feature of 
track design. The alignment of the rails 
is, of course, purely a question of main- 
tenance and expense, and if neglected 
may invalidate all measures taken by the 
department responsible for vehicle de- 
sign, 

Uniformity in the rate of development 
of super-elevation is of superlative im- 
portance, and the rate itself should be 
such that it will not appreciably affect 
load distribution in the longest rigid 
wheelbase to be carried. 
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APPENDIX. 


Particulars are given herewith of the method employed for arriving 
at the numerical results recorded in the text. 


1. To ascertain centrifugal force set up 
the formula used is : 


Wo? 
eS 3 
gr 
Where WW = load. 
v = velocity in feet per second, 
OTOL, 


= radius of curve in feet. 


From this is derived the formula used in 
problem 2, thus (see fig 2). 

The centrifugal force and weight of the 
vehicle are represented respectively by 
sides F and W of the above triangle and 


sin § = : 
W 
Super-elevation S = G sin 6, 
where G = gauge of track. 
GX F GWo? Gv? 
Hence § = he are = ERE ES 
W Wer gr 


2. To ascertain what speed on a curve 
of given radius is required to re-establish 
an equal distribution of load under the con- 
dition shown in figure 1, assuming a radius 
of 18 chains = 1 188 feet, the formula used 
is: 


S = super-elevation, 

G = gauge of track, 

v = speed in feet per second, 
ze eI ae 

r = radius of curve. 


See == 50.2 feeb per 
= 5 


| Soe SEN 4.5 - 
second. 


(This is equivalent to 37.6 miles per 


hour, or 60.5 km., and is a theoretically 
correct speed for load balance under given 
conditions of super-elevation and curve). 


With reference to figure 1. 


3. To ascertain load distribution under 
the conditions shown with vehicle at rest. 
It will be inversely proportiona] to AD 
and DB. Taking the former as unity, 
DB becomes 1.574. The gross weight of 
the vehicle is 504 tons. Then if X = 
load at point A, 


50.4 — = load-at B : 
ONS . = (50.4 — X)x 1.574; 
25,7938 
xX ~~ 9 574 => 30.82 tons. 
Load at-B = 50.4 — 30.82 = 19.58 tons; 
Difference : 11.24 tons 


and 5.62 = load to be relieved from the 
inner rail to cause a balance of the load; 


then centrifugal force X 78.3125 = 5.62 
xX 56.5 
Centr ifugal force required = 4.054 tons. 
Wo? 
Now centrifugal force = rae 
oO 


where W =- weight of vehicle in tons, 

v = velocity in feet per second, 
= radius of curve in feet, 
= constantdue to gravity = 32.2. 


Was Sex Tr 

W 
pee: x 32.2 x 1188 
i 50.4 


= \/3 076.98. 

= 55.47 feet per second. 
= 37.8 miles per hour. 
= 60.83 km. per hour. 


Woy 


i 
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4 To ascertain speed required to effect 
heeling over. Chis is a function of the cen- 
trifugal force acting at the centre of gravity 
of the vehicle balancing the weight acting 
through D, figure 1, and taking the con- 
ditions as shown the moment about B 
must be equal, thus : 


Centrifugal force (F) 
x DB. 
50.4 & 34.55 


ee ites ae 
viele 78.3125 


= 22.24 tons. 


5. Same as Nos. 3 and 4, 


Hence the speed v necessary to set up 
the force F is found to be : 


ate ox r 
ae W 
/ 29.94 % 32.2% 1 188 
= Bid = 


129 9 feet per second. 


This isequiyalent to 88 55 miles or 142.5 
km. per hour. 


with assumed centre of gravity + feet above rail level, 


giving following result — other conditions equal : 


Speed necessary to establish equal distribution of load 


Speed necessary to produce heeling over 


37.95 miles per hour. 
«3-2 oe) 109508 miles per hour 


Fig. 8. — Determination of location of centr 


e of gravity, 


—s 


eb 


Rolling stock is often of very irregular 
form, rendering the estimation of the height 
of the centre of gravity somewhat compli- 
cated. Figure 8 shows a direct method, 
which when practicable, leaves little room 


for doubt as to its accuracy. The vehicle 
was empty, and the necessary allowance 
made for variation of the location when 
fully loaded. 
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Signalling on electric tramways, 
By Roger VENTE, 


CHIEF ENGINEER OF THE MARSBRIILLES SYSTEM, 


Fig. 1 to 11, pp. 170 to 180. 


(L' Industrie des voies ferrées et des transports automobiles. ) 


On railways, the running of trains 
over a single line is controlled by an 
employee specially responsible there- 
fore. Tramways have substituted in 
place of the man an arrangement of 
signals whereby trains are warned not 
to enter the single line when it is already 
occupied by a train : this is the « block-_ 
system >, an English name for which we 
have failed to find an equivalent (#). 

In order to get away from any human 
intervention, and to arrive at a_ satis- 
factory automatic system, there are many 
essential conditions to be fulfilled : the 
problem can generally be stated as fol- 
lows :. SF 


1. In the section between two block 


(2) The words « block » and « block system » are 
often used in the wrong way. Referring to the Elec- 
tric Railway Handbook, 1915, p. 783, the following 


definition will be found : 


Block-system. — Method of controlling the move- 
ment of trains by which the running of a train on a 
section is regulated in accordance with that of one ™ 
or several other trains over the same section. 

Block, — Section of line over which the running 
of the trains is controlled in this way. 

Block-signal. — Signal controlling the movement 
of trains on the section of line forming a block. - 


posts A and B, a single train only should 
be allowed, no matter the direction of 
running. Jt is therefore necessary that 
the presence of this train should be 
signalled at the same time to the two 
ends, A and B; 

2. The colour of the lights must indi- 


—cate the direction of running of the train 


moving over the single line, which 
makes it necessary to provide two dis- 
linet signalling circuits, one of which is 
lighted up by trains coming from end A, 
and the other by those coming from 
end B; 

3. If two vehicles arrive together or 
soon after each other at the two ends of 
the single line, it must be impossible for 
the two signailing circuits to light up 
together; 

4, If a vehicle after entering a section 
has to set back the lights should be put 
out from the end they lighted up; 

5. The working of the signals being 
assured by the traction current itself, it 
should not be affected by voltage varia- 
tions of the order of + 25 %; 

6. Mechanical interlocking is needed 
such that after making good a current 
failure, the lighting up of the circuits 
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shall be restored exactly as before the 
current failed; 

7. If a signal light 
single line is occupied, the other lights 
ought to remain alight. This is only 
possible if the lights are in parallel; 


go out whilst the 


8. In order not to close two block sys- 
tem boxes through a broken signal lamp, 
there should’ be a suitable repeating 
signal to supplement it (such as a spare 
lamp or semaphore). 


* 
* * 

The whole of thesé requirements 
affect the regularity and safety of oper- 
ation: they are therefore essential; 
moreover, they can be easily provided. 
Amongst suggested solutions two will be 
described — one American, one French 
— both well known on the Marseilles 
tramway systems. These systems ac- 
tually have ninety-six single line sections 
protected, eighty-nine fitted with lamps 
supplied by the « U. S. Electric Signal 
Co. » of West Newton, and seven with 
lamps supplied by the « Compagnie de 
Signaux et d’Entreprises. électriques > of 
Paris. We felt that an experiment of 
such magnitude deserved to be des- 
cribed. 

From the point of view of the move- 
ment of trains, these two systems are 
identical ; both have at each end of the 
single line a signal lamp and near them 
two contactors on the trolley line, one 


for lighting up the lamps and one for, 


putting them out. A train entering the 
section protected is covered, in the rear 
by a white light, and in front by a red 
light, this latter having in addition a 
white witness light placed so as to be 
seen by the driver at the moment he 
passes under the contact, putting it out. 


Finally, attached 'to each light there are - 


semaphore signals -Tepeating the light 
signals. 4 

The American and French systems 
also do not differ as regards the various 


combinations of the olicottitty and on one > 


as on the other, the lighting or extin- 
guishing of the signalling circuits is con- 
trolled by fugitive emissions of current 
flowing either through the lighting up 
control circuits or the light extinguish- 
ing control circuits. 

Briefly, the difference between the 
two methods is in the kind of electro- 
magnet devices used to complete or 
break the circuits. 


American method. 


The essential parts of a post are three 
electro-magnets the armatures of which 


- operate through three aluminium levers 


three circuit breakers (figs. 1 and 2). 


Lighting up. —— The lighting up con- 
tact of post A operates at this post the 
electro-magnet 2 ensuring in this way 
the lighting up of the white light and the 
sighting of the white semaphore signal : 
at post B the current can only return 


through the electro-magnet 1/, the red 
light and the red semaphore signal. 


Inversely, if the operation had begun at 
post B, the contact at this post would 
have operated the electro-magnet 2’ of 
post B and the electro-magnet 1 of post A. 


These two conflicting operations ought 
never to be released at the same time. 
— Any possibility of their occurring toge- 
ther is prevented by connecting levers 1 
and 2 by a spring so that the circuit 
breakers 1 and 2 can be both closed, but 
never open at the same time; in other 
words, the opening of one of these cir- 
cuit breakers ensures or maintains the 
other being closed. 

In addition to the spring connection 
of these two levers, they are also inter- 
locked : at the momenta failure of cur- 
rent occurs the current breaker 2 is kept 
closed, as it can only be released from 
the lock by means of the lever 1 (fig. 3). 

The lighting up current only lasts a 
moment, but the permanent holding cur- 
rent continuing to flow through the 


magnets, the circuit is kept closed until. 
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the moment a suitable current impulse 
-. breaks it. 


Extinguishing the lights. — Under the 
action of the extinguishing contact of 
post B, the electro-magnet 3/ of this pos: 
breaks the signalling circuit (magnet 2, 
line 1, magnet 1’). The current returns 
by the extinguishing control circuit, the 
magnet 1 of post A and the red light of 
this same post, which glows for a short 
time before the general extinction., In- 
versely, for a movement started at B, 
the magnet 3 of A would have broken 
the other signalling circuit (magnet 1, 
line 1, magnet 2/). 

The light extinguishing circuits as 
the lighting up circuits — are only tra- 
versed by short impulses equal in dur- 
ation to that of the operation of the con- 
tacts, whilst the signalling circuits are 
lighted up during the whole time the 
single line is occupied. 


Purchase cost. — The pre-war price 
was originally about 2 130 frances for two 
posts : it was subsequently reduced to 
1740 francs, 


In 1922 it would have cost 12 0007 


franes for an-American set of fittings for 
a block equipment with semaphores. 


The « Compagnie de Signaux et d’En-. 


treprises électriques » at this time sub- 
mitted an alternative proposal. 


French solution. 


. Like the American, the French signal 

consists of three electro-magnets, but 

_ two of these have a common core, and 

. instead of three there is only one rock- 

- ing lever shaped like the beam of a 
balance (figs. 4 and 5). 


Lighting up. — Under the action of 
the lighting up contact of post A, the 
magnet 1 at this post inclines the rock- 
ing lever towards the left. In this posi- 
tion the vertical spindle of the lever 

closes the circuit of the white light of 
post A, and at the same time puts it in 


series with the magnet 3/ and the red 
lamp of post B. JIn this latter, the 
magnet 3! holds the lever inclined to the 
right. Subsequently it is impossible for 
a train entering by post B to thereby 
cause the lever in this box to swing over 
to the left and set up the lighting up im- 
pulse. 

To sum up, at each post the lever can 
incline in one or the other direction, 
but it cannot remain in an intermediate 
position. In order to make this certain, 
the vertical spindle of the lever has been 
fitted with a spring which is intended 
to make the lever incline over to the left: 
a locking device is provided in the op- 
posite position which holds the lever in 
place in the event of a current failure 
(fig. 6). 


Extinction. — A train leaving by 
post B sends by the extinguishing con- 
tact an impulse to the magnet 2 of box A 
which restores the lever to the right 
hand position, and at the same time 
breaks the signalling circuit. 


Purchase cost. — With the various 
improvements that we have made in the 
Signal Company’s apparatus, the pur- 
chase price for the complete equipment 
of a block with semaphores amounts to 
6 000 franes, which is just half the price 
of American material. As an appendix, 
a cost sheet including the accessories 
and labour charges is attached (appen- 
dix No. 1). 


American apparatus. 


1. Simultaneous entrance into section. 
—— The American signals have worked 
extremely well ever since the electric 
operation of the Marseilles system was 
started. The only cases in which they 
were founid wanting are those of « frams 
entering the section at the same time », 
and such coincidences are less improb- 
able than would appear at first sight. 

As a-matter of fact, when two drivers 


are waiting at the two ends of the single | 
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Resistanees of 100 ohms each. 


Résistances de 100 ohms chaque. . . 


= Signalling circuit. 


a0 


Circuit de signalisation . 


line for the line to be clear, each ap- 
proaches as near as he can to the con- 
tactor so as to ‘have priority. Although 
the time lag of the magnets is two-tenths 
of a second, it may happen that the two 
impulses may be at a less interval and 
neutralise one another. Under these 
conditions the lamps do not light up. 

This defect has been overcome by 
instructing the drivers to remain a cer- 
tain distance in front of the contactors, 
namely 10 m. (33 feet) if they see a red 
light, and 1 m. (3 feet) if they see a 
white light. 


2. Voltage variations. — When the 
voltage drops below 350 — as sometimes 
occurs on suburban lines which is just 
where such single lines are found — the 
American signals stop working. 

This defect has been cured by replac- 
ing the carbon filament bulbs with 
metallic filament 50-candle power bulbs, 
of commercial manufacture (Mazda). 
These lamps having much less resistance 
cold than hot, allow the control current 
emissions to pass with sufficient inten- 
sity. Their fragility has not been found 
to be greater than that of the carbon 
lamps. 


3. Contactors, — The American con- 
tactors are fitted directly on the trolley 
wire surrounding it with a forked 


pedal which is moved each time the 
trolley wheel passes. The pedal itself 
controls the closing of a circuit breaker, 
the opening of which is delayed 4 to 
5 seconds by means of a toothed wheel 
with which a delay action ratchet arm 
gears (fig. 7). 

The upkeep of these contactors being 
costly, the Company made up a very 
substantial pattern, without the retard- 
ing device, without any failure of the 
magnets resulting. At first any shaking 
of the trolley wires was enough to make 
this pattern work, but fitting additional 
springs stopped this excessive sensitive- 
ness (fig. 8). 
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4, Semaphores. — ‘the Marseilles sys- 
tem decided in 1924 to fit with sema- 
phores 94 lamps of American origin not 
so fitted : it was therefore a question of 
purchasing 188 semaphores. The type 
of the « U. S. Electric Signal Co. » was 
offered at 1200 francs: it consists of a 
metal disc 10 inches in diameter, con- 
trolled by a Galle chain coupled to the 
end of the armature of an electro-magnet 
(fig. 9). 

At the same time the « Compagnie de 
Signaux et d’Entreprises électriques » 
quoted us in connection with the lamps 
ordered from them, for « Banjo », sema- 
phores with a cloth disc, at the price of 
only 500 francs. The Marseilles system 
preferred however to design a pattern 
on the following lines: as with the 
American’ semaphore, a 20 cm. (8-inch) 
diameter dise oscillates about a hori- 
zontal pin which carries a_ helicoidal 
sector forming the armature of the elec- 
tro-magnet. When the magnet is ener- 
gised the sector turns so as to offer its 
largest section and give a less interferric 
space : there is then a magnetic coupling 
replacing the mechanical coupling by 
chain of the American semaphore. 
get in this way what Silvanus Thompson 
an electro-magnetic cam » 
(fig. 10). 

A variation of voltage test showed that 
the Banjo ceased to work at 350 volts, 
whereas the American semaphore and 
the Marseilles pattern still funictioned at 
200 volts, and the latter could be made 
for 425 francs. 


French apparatus 


1. Contacts. — The French lamps have, 


only fwo moving contacts, whereas the 
American have ten, so that the upkeep 
of the former is cheaper. On the other 
hand, the French makers had to replace 
the sliding contacts on carbon by pres- 
sure contacts which ‘had been already 
tested out on foreign material. 


We 


_out of order 


2. Simultaneous entrance into section. 
— In offering its apparatus, the Com- 
pagnie de Signaux et d’Entreprises élec- 
triques pointed out that its apparatus 
would not meet the case of simultaneous 
entrance into section, with the aggravat- 
ing result that this false manceuvre would 
immobilise the arms of the lamps and 
would need an extinguishing contro! to 
put things in order. 2 

These difficulties, which our operat- 
ing instructions had already met in the 
case of the American apparatus, did not 
prevent our proceeding with the matter. 


3. Want of balance. — The rocking 
lever ought to have two possible posi- 
tions only: one leaning towards the 
right, and the other towards the left. 
Now, owing to the voltage drop on the 
Marseilles system, — or even when 
vehicles pass too quickly past the con- 
tacts — locking does not take place and, 
after the emission of the fugitive control 
current, the lever would fall again into 
an intermediate position. In this case, 
the lights go out and the vehicle would 
not be protected. For this reason we 
suggested to the maker the use of a light 
spring which restores the lever to its 
position of rest in the case of all failures 
of ithe ratchet gear. 

With this modification, the French 
arrangement could not give any ambi- 
guous indication even if the ratchet is 
as then the signal remains 


lighted up — even when the spring 
breaks — the signal then remaining 
out, as the current passes through 


this spring. On the other hand, in the 
American arrangement a broken ratchet 


- could falsify the signal indications and 


nothing would at first sight indicate the 
failure. 


4. Contactors. — The contactors of the 
Compagnie de Signaux, which were. 
found to be too weak and too bulky, have 
been replaced by our former pattern : 
as this pattern has no delay action 
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Red semaphore. 


Semaphore rouge... . . s+ 


Block system francais, type 1925. . 


French block system, 1925 prttern, 
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Magnet No. 1 — 100 ohms. 
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White light and shunt. 


Lampe blanche et sou shunt... . 


Magnet No. 2— 130 ohms. 
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Red light and shunt. 


Lampe rouge et son shunt . 


Magnet No. 3— 280 ohms. 


White semaphore. 


Sémaphore blane . . . 


MLSCHL OTe te ee ew, +) oleh se, 3s 


device, a reduction of the self-induction 
of the electro-magnets and an increase 
in the intensity of the control current 
was necessary. This resulted in conti- 
nuous arcs at the contactors which had 
to be stopped by inserting condensers of 
a tenth of a microfarad capacity across 
the terminals. (Three condensers per 
lamp, one for each of the circuits). We 
also ‘had ito introduce resistances in the 
circuits to shunt the lamps or to reduce 
the strength of the current. These 
resistances were made of a_ nickel 
chrome wire 0.25 mm. (0.0098 inch) 
diameter wound on an asbestos cord 
3 mm, (0.118 inch) in diameter, mount- 
ed on grooved porcelain plates. 


5. Boxes. — The Compagnie de Si- 
gnaux proposed to divide the apparatus 
between two boxes (see figure 11 of a 
block supplied to the State Railways 
Administration for the Olympic Games) : 


A lamp box placed on the top of a post 
so as to be visible; 

A resistance box placed at man height 
so as to be readily accessible. 


We required a single box as in the 
American pattern, and asked for the 
electro-magnets to be carried on a slate 
slab instead of on wood as originally 
proposed. Modified in this way the 
French apparatus shewed itself to be 
superior to the American as regards sim- 
plicity, whilst having the same total 
weight [123 kgr. (271 ‘b.) whereof 
59 kgr. (130 lb.) for the lamp and 32 kgr. 
(70 1/2 Ib.) for the semaphore] and 
being equally strong. 


Maintenance of signals. 


During the year 1926 the Marseilles 
system recorded 775 failures in its block 
system. A detailed list of the defects is 
attached as an appendix to the annual 
report on upkeep (appendix No. 2). At 
first this number seems high, but will be 
found moderate when it is compared 
with the number of sets installed. 
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It can be taken that for each failure 


. the ladder truck was away on an average 


two hours, that is, a total of 1550 hours 
ayear. It is therefore necessary to have 
a ladder truck almost permanently 
allotted to this work, and as it costs 
25 francs an hour, it will be appreciated 
how desirable it is to improve the signal 
service both from the financial point of 
view as from that of regular working. 

Im order to train the signal repair 
staff, at the shop two lamps were fitted 
up on which all defects could be demon- 
strated and repaired as desired. 

In addition, attention has been given 
to suppressing the causes of the failures: 
the lamps and.the contact strips are 
renewed methodically after a certain 
length of use: the lamps are shunted 
and the fuses of the contactors are car- 


ried on the neighbouring post: the signal. 


lines are carried underground on roads 
bordered by trees, and finally the brack- 
ets carrying the lamps and the contac- 
tors have been strengthened. 


Conclusions. 


The American and French signals— 


work in a regular manner on the Mar- 
seilles systems with an intensity of 
passing vehicles reaching 300 and even, 
in one case, 650 per day. 

The operating rules we have drawn 
up have enabled us to avoid all accidents 
when they have been correctly observed 
(appendix No. 3). 


These results are satisfactory, and 
when we shall have completed certain 
alterations, to the fittings, suggested by 
practical experience, it appears to us 
that the cases of the signals failing to 
work will be reduced to a minimum 
below which it would not be possible 
to go. 

We would point out in ending an 
interesting article on the subject of the 
Block System published by Messrs. Sire 
and Boissel (1). The authors criticise 
the use by tramway companies of red, 
white and green lights, which is not in 
agreement with the « Signal Code », 
They propose : 


Red winking signals indicating line 
occupied; 

Luminous arrows indicating the direc- 
tion of movement of the train on the 
section. 


We are not aware that this arrange- 
ment has been made use of anywhere. 


To terminate this article, it may be 
noted — si parva licet componere 
magnis — that the block signals are the 
humble ancestors of the automatic sub- 


‘stations. This flattering parentage re- 


flects some lustre on them and justifies 
our desire to pay honour to them. — 

(1) L’ Ingénieur-Constructeur, July 1925. Various 
schemes of manually operated block systems and a 
description of multiple recording block systems will 
be found in this article. 
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Cost of installing two block signal posts. 


Type ( Compagnie des Signaux ». 


sees bee of gang bre nde Pas 
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Appenpix No. 1. 


__  Franes, 


A. — FOR ONE SET. 

Material : 

Lamps supplied by the « Compagnie des Signaux » 2 

Condensers and garner Meare ee 

Semaphores . 4 

(CONUAGEOYS' <A pain | ee a ee 4 

Witness lamps. ._ . Ba eee eee g 

Frames for block lamps with semaphores . . 4 g: 

Ironwork at contact polite 2 eae en Fe ee een, 4 

.» Pulleofiairsy © ig aha iat se Bt ale oisenoes = 20) 
Insulated wire 20/10 . age > Dias Se abe! 2 aS 100 m. (109 yards) 

Clips for securing block lamps. . . . 2. 2 ae 

Clips for securing witness lamps . . . . . 2 “ 
sGrihd. oe Nee Parr. 1 ELST hs eee 
Labour : 


1 590.00 


425.00 
200.00 


100.00, 


200.00 
135.00 


6.00. 


1.20 
50.00 


85.00 
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AppENDIx No. 2. 


Annual report on maintenance of the block system signals 
on the Marseilles tramway sytems. 


The material used in signalling the Marseilles system is not of one pattern but includes : 


3 sets of Ay pattern lamps 


5 sets of By pattern lamps eae by the U.S. Electric Signal Co. 
31 sets of C; pattern lamps of West Newton. 
50 sets of G, pattern lamps 
7 French sets... . . 7 sets of lamps supplied by the « Compagnie des Signaux » of Paris. 
The American apparatus was purchased at various times prior to 1924, The French appara- 
tus dates from 1925. 
In addition, paralleling the lamps and adding semaphores is still being carried out, only 
50 sets having been altered. 
Subject to these reserves, we are all the same able to establish averages which are of interest. 


* 
* * 


775 defects have been made good which, as there are 96 block sections, represents about 
8 failures per block per annum. 
These defects were as follows : 
a ae a a ee ee le 
NUMBER OF DEFECTS AND NUMBER 


DEFECTIVE PART. Wea 
OF SETS OF APPARATUS IN USE. AVERAGE 


80 American sets .. 


1 Bulbs! verse «= ot (180! ford 761m use; Average life of bulbs :3 years. 
2. Contactors. . . . . . . | 137 for 384 in use. 1 per contactor eyery 3 years. 
3. Overhead contactor fuses . | 132 for 384 contactors in use. 1 per contactor every 3 years, 
S5HACMAl TINGS Pes. aoe |. 97 for 82 sets and about 1 per set every 10 months, 
100 km. (62 miles) of twin wire signal line. 
5. Armoured cables ..°. . 6 for 14 sets with underground cables. 1 per set every 2 years. 
Ome ight fuses >i shee 70 for 192 lights and 5 fuses per light (960 fuses). | 1 per light every 3 years. 
fiemCOntactsstips oy. — a= sr 70 for 192 lights and a total of 1804 contact | 1 per light every 3 years. 
strips. 
8. Electro-magnets. .-.. . 31] for 192 lights and a total of 776 magnets. 1 per light every 6 years. 
Qe Resistances: (04 cle--. 0-2 se 18 for 192 lights and a total of 592 resistances. | 1 per light every 10 years. 
10. Contaects-of contact strips . 15 for 534 contacts. No average. 
UNS Insulators sos ys oss oe 7 for about 9000 insulators. No average. 
12. Return connections to the + = 
TOUS cern aiay pes sees 5 for 192 lights. No average. 
13. Control Jevers. 7.9 2. s 3 for 534 levers, No average. 
14: Ratehet devices. . ... 3 for 178 ratchets of the American signals. No average, 
LeU VDE CANS me sme le) sed Joss 2 for 576 bulbs. No average. 


Novres ON THE DEFECTS : 


1. Defects of the bulbs will diminish to a large extent when they are all in parallel, which is 
being done as the semaphores are fitted. The same thing will occur in the case of the overhead 
fuses when Gardy insulators fastened to the arms are substituted. 

2. Nine-tenths of the defects on the overhead lines are found at the point of arrival at the 
contactors, and at the permanent connection to the feeders, and are most frequently caused by the 
trolley-pole coming off the line. 

3. Most of the defects in the electro-magnets were caused by the many storms in 1926; which 
was also the case with those in the armoured cables. 


1I—7 


truck by placing on both sides of it a red flag 
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4. Defects in the ratchet devices of the American block apparatus were very rare : two per 
annum. ‘his is fortunate because this defect puts the signal out of action. 


Methodical upkeep ; Hach signal post should be inspected at least once a year to adjust the 


mechanism and renew worn or defective parts. 


The proper working of the signals presupposes that the 600 posts carrying the lamps are in 
good order; and also the stays supporting the contactors and the curreut collectors : a broken 
cross stay or a loose support is sufficient to deflect a contactor aud cause the trolley arm to derail 


when passing it, 


Movement of vehicles over single lines fitted with block system signals. 


When on entering a single line covered 
by block signals, the driver sees before him 
a red light, he stops with the trolley pole 
about 10 m. (33 feet) from the lighting up 


contact: if he should see a white light he 
_ stops with the trolley about 1 m. (3 feet) from 


the contact. 

If the current fail, the driver takes care not 
to run under the lighting up or extinguishing 
contacts in order not to upset the lamps. 

When the trolley pole comes off the trolley 
wire just after passing under a lighting up 
contact, the driver stops the vehicle and the 
conductor of the motor vehicle makes sure that 
the disturbance of the overhead line has not 
caused the signal lights to go out. If the 
trolley come off some way from the lighting 


up contact, the driver continues his journey, 


making the conductor of the motor vehicle 
protect him 50 m. (164 feet) ahead. 

Should a block system signal not act, the 
driver continues his journey, the conductor of 
the motor vehicle going 50 m. (164 feet) 
ahead to protect him. He warns all the dri- 
vers he passes and notifies the first controller 


he meets that the signal is out of order : the 


latter advises as quickly as he can the repair 


gang and visits the place where he makes the 


following arrangements : 

1. On lines with little traffic (20 to 40 mi- 
nutes), arrange a service with fixed crossings, 
t. e. to cross vehicles at fixed points. 

2. On lines with heavy traffic to establish 
a service by train staff. 

The chargehand of the repair gang ordered 
to make good the defect protects the repair 


Appenpix No. 3. 


at a sufficient distance for the drivers to sight 
it before reaching the place where repairs are 
being made. These flags are placed on the 
line: not on the trolley. 

As soon as the repairs have been done, the 
controller (or in his absence, the chargeman 
of the repair gang) makes the following arran- 
gements : 

a) When the service is by fixed crossing 
places : - *3 
_ The repair truck does not leave until after 
a vehicle has passed in each direction and the 
controller (or chargeman) advises the drivers — 
of these vehicles that the service is again 
working normally. 

b) When working with the train staff : 

The staff is withdrawn by the controller or 
chargeman of the repair gang who do not leave 
the place until a train has passed in both di-— 
rections and warn the drivers of these trains 
that the service is again normal. 


It is against the regulations for two ve- 
hicles travelling in the same direction to ‘pass ; 
one after the other on to a single line protect- _ 
ed by a block system signal, unless on the 
order of a controller who takes on his own 
responsibility the following precautions : 

_ 1. The second vehicle only runs" into the sec. 

tion if the conductor and driver of the firs 

vehicle have been warned that another 

— is following after them; 
2. The driver of the first vehicle stops bef 

running under the extingu h 

the conductor of the 


